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The PREFACE. 
is, I began with an Unit in Arithmetick, and a Point in 
try; and from theſe Foundations proceeded gradually on, 
«ang the young Learner Step by Step with all the Plainneſs I 
could, &c. 

And for that Reaſon I publiſhed this Treatiſe (Anno 1707) by 
the Title of the Young Mathematician's Guide; which har an- 

ered the Title fo well, that I believe I may truly ſay (without 
Vanity) this Treatiſe bath proved à very helpful Guide to near 

five thouſand Perſons ; and perhaps moſt of them ſuch as would 
never have looked into the Mathematicks at all but for it. 

And not only fo, but it hath been very well received among ft the 
Z earned, and I have bcen often told) /o well approved of at the 
Univerſities, in England, Scotland, and Ireland, that it is er- 
dered to be publickly read to their Pupils, &c. 

The Title Page gives a ſhort Account of the ſeveral Parts treat- 
ed /, with the Corrections and Additions that are made to this 
Fi:th Edition, which I ſball net enlarge upon, but leave the 
to fpeak for itſelf; and if it be nat able to give Satisfaction to the 
Reader, I am ſure all I can ſay bere in its Behalf will never re- 
commend it : But this may be truly ſaid, That whoever reads it 
ever, will find more in it than the Title doth promiſe, or perbaps 
be expefts : it is true indeed, the Dreſs is but F lain and Homely, 
it being wholly intended to inſlruct, and nat to amuſe or puzzle 
the young Learner with hard Words, and chſcure Terms : Heu- 
ever, in this I ſhall always have the Satisfaction; That I bave 
ſincerely aimed at what is uſeful, though in one of the meaneſt 
Ways; it is Flonour enough, for me to be accounted as one of the 
Under-Labourers in clearing the Ground a little, and removin 
ſeme of the Rubbiſh that lay in the Way to this Sort of Know- 
ledge. How well I have ferfor:xed That, muſt be left to proper 
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Judges. 
To be brief; as am not ſenſible of any Fundamental Error in 


this Treatiſe, fo I will not pretend to ſay it is without Imper- 
fectiant, (Humanum eft errare) which I bee the Reader will 
excule, and paſs ever with the like Candour and Gooad-Will that 


it was compoſed for bis Uſe; by bis real Well-wiſher, 


J. WARD. 
London, October 10th, 1706. 


Correvied, c. at Cheſter, 
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PRACOGNIT 4. 


HE Buſineſs of Mathematicks, in all its Parts, both 
Theory and Practice, is only to ſearch out and determine 
the true Quantity, either of Matter, Space, er Motion, ac- 
cording as Occaſton requires. 

By Quantity of Matter is here meant the Magnitude or Big- 
neſs of any viſible Thing, whoſe Length, Breadth, and Thick- 
neſs, may either be meaſured, or eflimated. 


e meant the Diſtance of one Thing 


And by Quantity of Motion is meant the Swiftneſs of any 
ray roar Z from one * 7 to another. p 
Con ation of theſe, according as t be propoſed, are 
the Subjects of the 1 oemwg * rs bp b 7 — f 
Now the Conſideration of Matter, with reſped to its Quantity, 
Form and Poſition, which may either be Natural, Accidental, or 
Deſigned, will admit of infinite Varieties : But all the Varieties 
that are yet known, or indeed poſſible to be conceived, are wholly 
comprized under the due Conſideration of theſe Two, Magnitude 
and Number, which are the proper Subjects of Geometry, Arith- 
metick, and Algebra. All otbq Parts of the Mathematics being 
only the Branches of theſe Sciences, or rather their Applica» 
tion to particular Caſes. 


GEOMETRY 


PRECOGNITA. Part 1 

GroMrTRY ia Science by which we ſearch out, and come to 
know, either the whole Magnitude, or ſome Part of any propoſed 
Quantity; and is to be obtained by comparing it with another known 
Quantity of the ſame Kind, which will always be one of theſe, 
viz. A Lixe, (or Length only) A SurFAcE, (that is, Length 
and Breadth) or 4 SOLID, (which bath Length, Breadth, and 
Depth, or Thickneſs) Nature admitting of no other Dimenſions 
but theſe Three. 

ARITHMETICK 7s @ Science by which we come to know what 
Number of Quantities there are (either real or imaginary ) of any 
Kind, contained im another Quantity of the ſame Kind : Now this 
Conſideration is very different from that of Geometry, which is 
only to find out true and proper Anſwers to all ſuch Dueſtions as 
demand, how Long, bew Broad, bow Big, Fc. But when we 
conſider eitber more Quantities than one, or how often one Quan- 
tity is contained in another, then we have Recourſe to Arithmetick, 
which is to find out true and proper Anſwers to all ſuch Queſtions 
as demand, bot Many, what Number, or Multitude of Quantitics 
there are. To be brief, the Subject of Geometry is that of Quan- 
tity, with reſpect to its Magnitude only; and the Subject of Arith- 
metick is Quantities with reſpect to their Number only. 

ALGEBRA #s A Science by which the moſt abſtruſe or difficult 
Problems, either in Arithmetick or Geometry, are Reſolved and 
Demonſtrated ;, that is, it equally interferes with them both; 
and therefore it is promiſcuouſly named, being [ſometimes called 
Specious Arithmetick, as by Harriot, Vieta, and Dr. Wallis, r. 
And ſometimes it is called Modern Geometry, particularly the in- 
genious and great Mathematician Dr. Edmund Halley, Savilian 
Profeſſor of Geometry in the Univerſity of Oxford, and Royal 
Altronamer at Greenwich, giving this following Inſtance of the 
Excellence Z our Modern Algebra, writes thus. 

© The Excellence of the Modern Geometry (faith he) is in 
nothing more evident, than in thoſe full and Adequate Solutions 
it gives to Problems; repreſenting all the poſſible Caſes at ane 
View, and in one general Theorem many Times comprehending 
whole Sciences; which deduced at length into Propoſitions, and 
demonſtrated after the Manner of the Antients, might well be- 
come the Subjects of large Treatifſes : For whatſoever Theorem 
© ſolves the moſt complicated Problem of the Kind, dees with a 
© due Reduction reach all the ſubordinate Caſes.” Of which he 
gives a notable Inflance in the Doctrine of Dioptricks for finding 
the Foci of Optic Glaſſes univerſally. (Vide Philoſophical 
Tranſactions, Numb. 205.) * 

us 
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Chap. x. Of Characters. 3 
Thus you have a ſhort and general Account of the proper $:3;c2; 
thoſe three noble and uſeful Sciences, pk Grd 2A Faure 
and Algebra. I ſhall now proceed to give a particular Account of 
each; and firſt of Arithmetick, which is the Baſis ar Foundation 
of all Arts, both Mathematick and Mechanick ; and therefore it TY 
_ ought to be well underſtood before the reſt are meddled withal. 


CHAP. I. 


Oncerning the ſeveral Parts of AgiTHMETICK, with be 
Definition of ſuch Characters as are uſed in this Treatiſe. 


RiTHMETICK, or the Art of Numbering, is fitly divided 
into three diſtinct Parts, two of which are properly called 
atural, and the third Artificial. 

The firſt, being the moſt plain and eaſy, is commonly called 
Vulgar Arithmetick in whole Numbers ; becauſe every Unit or 
Integer concerned in it, repreſents one whole Quantity of ſome 
Species or Thing propoſed. 5 

The ſecond is that which ſuppoſes an Unit (and conſequently 
the Quantity or Thing repreſented by that Lait) to be Broken or 
Divided into equal Parts (either even or uneven) and conſiders 
of them either as pure Parts, viz. Each lefs than an Unit, or 
elſe of Parts and Integers intermixt. And is uſually called the 
Doctrine of Vulgar Fraflions. 

The third, or Artificial Part, is called Decimal Arithmetick ;; 
being an Artificial Invention of managing Fra#ins or Broken 
Numbers, by a much more commodious and eaſy Way than that 
of Vulgar Fraftions : For the ſeveral Operations performed in 
Decimals, differ but little from thoſe in Whole Numbers : And 
therefore it is now become of general Uſe, eſpecially in Geo- 
metrical Computations. 

ARITHMETICK (in all its Parts) is performed by the vari- 
ous ordering and diſpoſing of Ten Arabick Charaflers or Nu- 
merical Figures (which by ſome are called Digits.) 


wh D Jlebia SromMgte No Oghs., 
TT" I-20 0-0 4 des, 


The Uſe of theſe Characters is ſaid to be firſt introduced into 
England near fix hundred Years ago, viz. about the Year 1130s 
vide Dr. Wallis's Algebra, 8 12. 

< 


8 


The 


4 Arithmetick. - Part I. 
be firſt of theſe Characters is called Unity, and repreſents 
one of any Kind of Species or Quantity. As one World, one 
Star, one Man, &c. 

Viz. Unity is that by which every Thing that is, is called one, 
{Euclid 7. Def. 1.) and is the Beginning of all Numbers. That 
is to fay, Number is a Multitude of Units. Euclid 7. Def. 2. 

For, one more one, makes Two; and one, more one, more 
one, makes Three, Sc. Which is the firſt and chief Poſtulate, 
or rather Axiom to Arithmetick. 


, That 1+1=2. 1+1+1=3. 1+1+1+1= 
ba. 0 e And Son 85 * 


Nine of theſe Figures were thus compoſed of Units, and dif- 
ferently torm'd to repreſent ſo many Units put together into one 
Sum, as was intended each ſhould denote: Nine being the greateſt 
Number of Units that was then thought convenient to be expreſſed 
by one ſingle Character; the laſt of the Ten is only a Cypher, or 
{as ſome phraſe it) a Nothing, becauſe of itſelf it ſignifies no- 
thing; for if never ſo many Cyphers be Added to, or Subſtracted 
from any Number, they can neither increaſe nor diminiſh that 
Number; but yet, as a Cypher (or Cypher: may be placed, the 
other Figures will become of different Values from what they 
were betore, as will appear further on. 

For the more convenient ordering of the aforeſaid Numeral 
Figures, according to the ſcveral Varieties that happen in Compu- 
tations; I do adviſe the young Learner to acquaint himſelf with 
the Sign fication of the following Algebraiet Signs or Characters, 
which he will find of excellent Uſe, as being a much ſhorter, 
better, and more ſignificant Way of denoting what is to be done 
(in moſt Operations) than can otherwiſe be expreſſed in Words 


Significations. 


Signs Names. / The Sign of Addition; as 8+7 is 8 more 7, 
| and ſigniſies that the Numbers 8 and 7 are to 
PI be added into one Sum. The like is to be un- 
+} ; % 4 derſtood when ſeveral Numbers are connected 
— | together with the- Sign +. 
i As 34+22+9+45, c. denotes theſe are 
Call to be added into one Sum. 


The 


Of Characters. 8 


Tho of Subſtrafion ; as 9—6, is 9 leſs 
6, and ſignifies that 6 is to be taken from g, 
that ſo their Difference may be found. 


The Sign of Multiplication; as 9X6, is 9 
into 6, and ſignifies that 9 is to be multiplied 


Gonifies that 8 is to be Divided by 2, alſo 
thus 2)8(4, or thus 2, each ſignifying the 
ſame Thing, to wit, 8 Divided by 2. 


uf The Sign of Equality or Equation, viz. when- 


E The Sign of Diviſion; as 8 La, is 8 by 2, 


ever this Sign=is placed betwixt Numbers (or 
Duantities) it denotes them to be Equal, as 
9=9, or 9+6=15, or g—6=3, Cc. That 
is, 9 is Equal to 9, or 9 more 6 is Equal to 15, 
and 9 leſs 6 is Equal to 3, Sc. 


The Sign of Proportion, or that commonly 
| called the Golden Rule, or Rule of Three, and 
OO : is always placed betwixt the Two middle 
FO ; 1 = Term or Numbers in Proportion. Thus 
:8::6:24. To be read thus; as 2, is to 8, 

fo is 6, to 24. 


Theſe Signs and their Significations, being perfectly learnt, 
will help to ſhorten the W ork. g 
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CHAP. IL 


Concerning the Principal Rules in ArrTHMETICK, and 
how they are performed in Whole Numbers. 


H E Rules by which Numerical Operations are perform'd 

in all the Parts of Arithmetick, are many and various, ſe- 

veral of them being torm'd and raiſed as Occaſion requires, when 

applied to Prafiice ; yet they are all comprehended within the 

III of theſe Six, viz. NUMERATI ON (or —_— 
TION 
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TION) ADDITION, SUBSTRACTION, MULTIPLICATION, 
Divis10N, and EvoLUTION, or Extraction of Roots. 


Sect. . Of NumMtRATION or NOTATION. 


NUMERATION or Notation, teacheth to read or expreſs the 
true Value of any Number when writ down; and conſequently 
to write down any propoſed Number according to its true Value 
when it is named: and this conſiſteth of Two Parts. 


1. The due Order of placing down Figures. 
2. The true valuing of each Figure in its Place. 
Both which are plainly exhibited in the following Table. 


= £ 
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By this Nux RATIO Table it is apparent, that the Order 
of Places is reckoned from the Right-hand towards the Left; 
the firſt Place of any Number being always that which is the 
outmoſt Figure to the Right-hand : And whatever Figure flands 
in that Place, doth only ſignify its own ſimple Value, viz. fo 
many Units as that Figure repreſents. 

The ſecond Place is that of Tens, and any Figure ſtanding in 
that Place fignifieth ſo many Tens as that Figure — 
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The third Place is Hundreds, the fourth Place Thouſands, &c. 
That is, each Place towards the Left-hand is Ten Times the 
Value of that next it, towards the Right. 

For Inſtance, ſuppoſe 759 were propoſed to be. — or pro- 
nounced according to the Value of each Figure as they no 
ſtand. The firſt Figure in this Sum is g, becauſe it ſtands in the 
Place of Units, and theretore ſigni fies but its own fimple Va- 
lue, to wit, 9 Units, or 9. The ſecond Figure 5 ſtands in the 
Place of Tens, and therefore fignifics five Tens or Fifty. The 
Figure 7 ſtands in the third Place, or Place of Hundreds, and 
therefore it ſignifies Seven Hundred; and the whole Sum is to be 
read or pronounced thus, Seven Hundred Fifty Nine. 

Note, Altho” the Figure 7 ſtands in the third Place (accord- 
ing to the Order of Numbering) yet when the whole Sym comes 
to be read, it-is firſt pronounced; the reading of N t being 
performed like that of Letters or Words, always beginning with 
the outmoſt Figure towards the Left-hand, and ſo many F gures 
as are placed together without any Point, Comma, Line, or 
other Note of Diſtinction between them, are all but one Sum, 
and muſt be read as ſuch. 

For Example, 763596 is but one entire Sum or Number, 
notwithſtanding it conſiſts of fix Places of Figures, and is thus 
read; Seven Hundred Sixty Three Thouſand, Five Hundred 
Ninety Six. 

The like is to be obſerved in reading or expreſſing the true 
Value of any Sum or Rank of Numbers conſiſting of Seven, Eight, 
Nine, or more Places of Figures, each Figure being to be valued 
according to its Diſtance from the Place of Unity: As in the 

foregoing Table. 

Now fuch Values may as well ariſe by Cyphers, as by other 
Figures; for Inſtance, 6 ſtanding by itſelf, repreſents but Six 
Units : But if a Cypher be annext to it thus, 60, then it becomes 
Sixty ; for the Cypher poſſeſſing the Place of Units, hath there- 
by removed the 6 into the Place of Tens; and another Cypher 
more would make it 600, Six hundred, the. 

Whence it may be noted, that although a Cypher of itfelf 
ſignify nothing (as hath been ſaid before) yet being placed on 
the Right-hand of any Figure, it augments the Value of that 
Figure by advancing it into a higher Place than otherwiſe it 
would have been, had not the Cypher been there. 

Take one Example more in Numeration (if you pleaſe, that 


in the Table) viz, 678987654321, which is, according as is 
there ſignified. 


Six 


* . 
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Six Hundred Seventy Eight Thouſand Millions, 

Nine Hundred Eighty Seven Millions, 

Six Hundred Fifty Four T houſand, 

Three Hundred Twenty One Units. Of any propoſed Species 
or Quantitiet whatſoever. | 

And here it may be obſerved, that every third Figure from 
the Place of Units, bears the Name of Hundreds ; which ſhews 
that if any great Sum be parted, or rather diſtinguiſhed into Pe- 
riods, of Three Figures in each Period (as in the foregoing 
Table) it will be of good Uſe to help the young Learner in 
the eaſier valuing and expreſſing that Sum. 


Part I. 


SeQ. 2. Of Appit1oN. 


Poſtulate or Petition. 
That any given NUMBER may be increaſed or made more, by put- 
ting another NUMBER 70 it, 

ADDITION is that Rule by which ſeveral Numbers are col- 
lected and put together, that ſo their Sum or Total Amount may 
be known. 

In this Rule two Things being carefully obſerved, the Work 
will be eaſily performed. 

1. The firſt is the true placing of the Numbers, ſo as that 
each Figure may ſtand directly underneath thoſe Figures of the 
ſame Value, viz. place Units under Units, Tens under Tens, 
and Hundreds under Hundreds, &c. 

Then underneath the loweſt Rank (always) draw'a Line to 
ſeparate the given Numbers from their Sum when it is found. 

Example. If theſe Numbers 54327, and 2651, were given to 
be added together, they muſt be placed 

| 4327 
6 Thus, | _— 
2. The ſecond Thing to be obſerved is the due Collecting or 


Adding together each Row of Figures that ſtand over one ano- 


ther of the ſame Value: And that is thus performed. 


Rule. | 

Always begin your Addition at the Place of Units, and Add 
#ogetber all the Figures that ſtand in that Place, and if their Sum 
be under Ten, ſet it down below the Line underneath its own 
Place; but if their Sum be more than Ten, you muſt ſet down 
only the Overplus, or odd Figure above the Ten (or Tens) and jo 
many Tens as the Sum of theſe Units amount to, you muſt carry 
10 


— 


Chap. 2 
to the Place Tens; Adding them and all the Figures that fland 
in the Place of Tens together, in the ſame Manner as thoſe of the 
Units were added ; then proceed in the ſame Order to the Place 
of Hundreds, and ſo on ts each Place until all is done. 

The Sum ariſing from thoſe Additions will be the Total 
Amount required. 


EXAMPLE I. 
Let it be required to find the Sum of the aforeſaid Number, 


; 54327 
3 | 2651 


56978 the Sum required. - 

Beginning at the Place of Units, I ſay 1 and 7 is 8, which 
being leſs than 10, I ſet it down (according to the Rule) under- 
neath its own Place of Units ; and then proceed to the Place of 
Tens, ſaying 5 and 2 is 7, which being leſs than 10, I ſet it down 
underneath its own Place of Tens, and proceed to do the like at 
the Place of Hundreds, and then at Thouſands, ſetting each of 
their Sums underneath their own reſpective Places: Laſtly, be- 
cauſe there is not any Figure in the lower Rank to be added to 
the Figure 5, which ſtands in the Place of Ten Thouſands, in 
the upper Rank, I therefore bring down the ſaid 5 to the reſt, 
placing it underneath its own Place, and then I find that 
$4327+2651=56978, is the true Sum required. 


EXAMPLE 2. 


it were required to find the Sum of theſe Numbers, 
3578+496+742+184+95. Theſe being placed, as before di- 
rected, will ſtand as in the Margin. Then beginning (as before) 
at the Place of Unity, ſay 5 and 4 is9, and 2 is 11, and 


Gis 17, and 8 is 25 ; ſet down the 5 Units underneath its 3578 


own Place of Units, and carry the 20, or two Tens, to the 496 
Place of Tens (at which Place they are only 2) ſaying, 2 742 
and 9 is 11, and 8 is 19, and 4 is 23, andg is 32, and 7 184 
is 39 ; ſet down the g underneath its own Place of Tens, 95 
and carry the 30, or three Tens (which indeed is 300k —— 
to the Place of Hundreds, at which Place they are but 3, 5095 
ſaying, 3 I carry and 1 is 4, and 7 is 11, and 4 is 15, and 


5 is 20; here becauſe there is no Figure overplus (as before) I ſet 


down a Cypher underneath the Place of Hundreds, and carry the 
2 Tens (or rather the 2000) to the Place of Tbauſandi, faying 
C (As 
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(as before) 2 I carry and three is 5, which being the laſt, I ſet it 
down underneath its own Place, and all is finiſhed. And find the 
Sum of Total amount to be 5095=3578+496+742--184+95. 

It this Example be well confidered, it will be ſufficient to 
Mew the uſual Method of Addition in whole Number; but to 
make all plain and clear, I ſhall ſhew the young Learner the 
Reaſon of carrying the Tens from one Degree or Row of Figures, 
to the next fuperior Degree, which is done purcly to iave 
Trouble, and prevent the uſing of more Figures than are really 
neceſſary, as will appear by the tollowing Method of adding 
together the ſame Numbers of the laſt Example. 


Thus, add together each fingle [2's Wh 
Row of Figures by itſelf; as if there | [41916 
were no more but that one Row, { [714j2 
ſetting down the Sum underneath its 11814 
own Place. | | [915 


The Sum of the Row of Units, is [21s 
The Sum of the Row of Tens, is | | 0 
The Sum of the Row of Fund. is [1:7]0lo 
The three 7 houfand brought down WH )s 


The Sum or Total Amount as before, is 5095 


From hence I preſume it will be eaſy to conceive the true 
Rezfon of carrying the aforeſaid Tens; and alſo that Cyphers do 
not augment or increaſe the Sum in Addition. (See Page 4.) 

I might have here inlerted a Lineal Demonſtration of this 
Rule of Addition; but I thought it would rather puzzle than 
improve a young, Learner, efpccially in this Place; beſides the 
Reaſon of it is jufficiently cyident from that natural Truth of 
the Whale being Equal ts all its Parts taken togetber. Euclid x. 
Azwm 19. 

That is, the Numbers which are propoſed to be added toge- 
ther, are by that Axiom underſtood to be the feveral Parts, and 
their Sum or Total Amount found by Addition is underſtood to 
be the Whole. 

And from thence is deduced the Method of proving the 
Truth of any Operatian in Addition, vis. By parting or ſeparating 
the given Nambers into two Parcels (or more, according to the 
Largeneſs of it) and then adding up each Parcel by itſelf: For 
if thoſe particular Sms fo found, be added into one Sum, and 


that Sum prove Equal, or the fame with the Total Sum — 
BR found, 
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found, then all is right; if not, Care muſt be taken to diſcaver 
and correct the Error. 


EXAMPLE. 
. 15647} a 
3289 ( The Sum of theſe Parts is, 12952 
40161 
2900 
e The Cum of theſe, is 9513 
1606 
The Tetal Sum of The Sum of each 


22465 22465 


all theſe Parts Parcel put together 


Se. 3. Of Subſtraction. 


Poſinlate or Petition. 


That ar; Nun may be diminiſhed, er made lojs, by taking 
ansther Nurarter from is. 


SUBSTRACTION is that Rule by which one Number is de- 
dufled or ti ken out of another, that fo the Remain: „Difference, 
or Hxceſs may be known. 

As 6 taken out of 9, there remains 3. This 3 is alfo the 
Difference hetwixt 6 and 9, or it is the Excefs of ꝙ above 6. 

Therefore the Number for Sum out of which SAH aH is 
required to be made, muſt be greatet than (or at teat equal to) 
the Subtrabend or Number ts be jubftirafird. 

Note, This Rule is the Converſe or direct C:ntrary to Addi- 
tion. 

And here the ſame Caution that was given in Addition, of 
placing Figures directly under thofe of the fame Value, viz. Units: 
under Units, Tens under Tens, and Hundreds under Flundreds, 
&c. muſt be carefully obſerved; alſo underneath the loweſt Rank 
there muſt be — a Line (as before in Addition) to ſeparate 
the given Numbers from their Difference when it is found. 

Then having placed the lefler Number under the greater, the 
Operation may be thus periormed. 

RULE. 
Begin at the Right-band Figure or Place «of Units (@r in 
Addition) and take or ſubſtra:7 „ lower Figure in that To 
FIG 


r 


from the Figure that ſlands over it, 
or Difference 


Part I. 


down the Remainder 

underneath its own If the Two Figures 
— to be Equal, ſet down a Cypher: But if the upper Figure 
be leſs than the lower Figure, then you muſt add 10 to the upper 
Figure, or mentally call it 10 more than it is, and from that Sum 
ſubſtra& the lower Figure, ſetting down the Remainder ( as before 
directed.) Now becauſe the 10 thus added, was ſuppos d to be 
berrowed from the next ſuperior Place (viz. of Tens) in the upper 
Figures, therefore you muſt either call the upper Figure in that 
Place from whence the 10 was borrowed, one leſs than really it is, 
or elſe (which is all one, and moſt uſual) you muff call the lower 
Figure in that Place one more than it really is, and then proceed 
to Subſtraction in that Place, as in the former; and jo gradually 
en from one Row of Figures to another until all be done. 


EXAMPLE I. 
Let it be required to find the Difference between 6785, and 
4572. That i wb let 4572 be ſubſlracted from 6785. 
* heſe Numbers being placed down, as before direQed, will 


6785 
This | 4572 


— —U:¼ 
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221 

marley the Place of Units, take 2 from 5 and there 
will remain 3 which muſt be ſet down underneath its own Place, 
and then proceed to the Place of Tens, taking 7 from 8, and 
there will remain 1, to be fet down underneath its own Place ; 
again, at the Place of Hundreds, take 5 from 7, and there re- 
mains 2, which ſet down, as before; laſtly, take 4 from 6 and 
there will remain 2, which being ſet down underneath its own 
Place, the Work is finiſhed, and the Difference fo found will be 
2213=6785—4572, as was required. 


EXAMPLE 2. 

The Difference between 5849, and 7496 is required. 

Having placed the Numbers as in the Margin, begin 
at the Place of Units (as before) and ſay 9 from 6 cannot 7496 
be, but g from 16 and there remains 7, to be ſet down 5849 
under its own Place; next proceed to the Place of Tens, —— 
where you muſt now pay the 10 that was borrowed to 1647 

make the 6, 16, by accounting the upper Figure g in that 
Place one lefs than it is, ſaying 4 from 8 and there remains 4, 
or elſe {which is the moſt practiſed) ſay 1 I borrowed and 4 is 5 
trom 
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from 9 and there remains 4, to be {et down under its own Place 
(as before); again, at the Place of Hundreds, ſay 8 from 4 that 
cannot be, but 8 from 14 there will remain 6 to be ſet down; 
and here I have borrowed 10 (as before) which muſt be paid in 
the ſame manner as the other 10 was, viz. either by calling the 
7 in the upper Rank but 6, ſaying 5 from 6 there remains 1, 
or elſe by ſaying 1 borrowed and 5 is 6 from 7 and there remains 
1, which being ſet down under its own Place all is done, and 
the Difference required will be 1647=7496—5849. 


EXAMPLE 3. 


From 830476 
Take 741068 


89408 


By this Example you may perceive that Cyphers in the Sub- 
trabend, viz. in the Numbers to be ſubſlracmed, do not diminiſh 
the Number from whence Subſirafion is made. See Page 4. 

Theſe Three Examples, I preſume may be ſufficient to ſhew 
the young Learner the Method of ſubſfratiing whole Numbers; 
as for the Reaſon thereof it is the lame with that of Addition, 
Page 10, viz. of the IWhole being equal to all its Parts taken 
together. 

That is, in this Rule the Number from which Sub/trafion is 
required to be made, is underſtoood to be the Whole, and the 
Subtrabend or Number to be ſubſtrafed, is fuppos'd to be a Part 
of that Whole; conſequently if that Part be taken from the 
Whole, the Remainder will be the other Part. 

From hence is deduced the common Method of proving Sub- 
firafion, by adding together the Subtrabend and the Remainder. 
For if the Sum of thote Two (which are here called Parts) be 
equal to the Number ſrom whence Subſfrafion was made (which 
is here called the Whole) then the Work is right; it not, care 
muſt be taken to diſcover and correct the Error. 


EXAMPLE. 
From 59435 . 
Take — 


11827 | | 
Proof — 7 The Sum which is equal to the Number from 
(59435 whence Subſtractian was made. 


Or 


— — 


1 9 
% 


: 
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Or from the aboveſaid Reaſon, it will be eaſy to conceive 
how to prove the 'I ruth of Subſtractian by Subſtrattion. 


For if from 59435 being here the whole, 
there be taken 47608 as part of the whole ; 


there will remain 11827 the other part (as before) 
And if from 59435 the whole, there be /ub/irafed the 


laſt part, viz. 11827 


there will remain 47608 the firſt part, or Number which was 
required to be firſt ſubſirafted. 


From 75543 From 7000000 
Take 9000 Take 986432 
Remains 66643 Remains 6013568 


Set. 4. Of Multiplication. 


MULTIPLICATION is a Rule by which any given Number 
wy * be ſpeedily increaſed, according to any propoſed Number 
of 7 mes. 

That ir, One Number is /aid ts Multiply another, when the 
Number multiplicd is fo often added to itſelf, as there are Units 
11 the Number multiplying ; and an2ther Number is produced, 
{Euclid 7. Def. 15.) | 

To perform Multiplication, there is required two given Num- 
bers, called Factor... 

The Firſt is the Number to be multiplied, which is generally 
put the greater of the Two Numbers, and is commonly calPd 
the Multiplicand. | | 

The other is that Number by which the firſt is to be multi- 
lied, and is uſually called the Multiplicator or Multiplier, and 
this denotes the Number of Times that the Multiplicand is required 
to be added to itſelf. For ſo many Units as are contained in the 
Multiplier, ſo many times will the Multiplicand be really added 
to itſeil (as ger Euclid above). - And from thence will arife 2 
Third Number, called the Produ#?. But in Geometrical Ope- 
rations it is called the Redlangle or Plain. | 

For Inſtance ; ſuppoſe it were required to increaſe 6 four 


times, that is, to multiply 6 into or with 4. "theſe Two Numbers . 
are to be ſet (or placed) down as in Addition or Subftradtion. 


Thus 


Of Multiplication. 1 
6  Multiplic 
4 Mul — or Factors. 


5 Product 24 viz. 4 times 6 is 24, as plainly appears 
by Addition, viz. By ſetting down 6 four | 
* 


times, and then adding chem together into one 
Sum, | Thus 

From hence it is evident that Multiplication —— 
7s cnly a Conciſe or Compendious Way of ad- 24 | 
ding any given Number to itſelf, fo often as any Number of 
T imes may be propoſed. 

Before any Operation can be readily periormed in Multipli- 
cation, the ſeveral Produdts of the ſingle Figures one into an- 
other muſt be perfectly learn'd by Heart, viz. That 2 times 2 1s 
4. that 3 times 3 is 9, and 3 times 6 is 18, Sc. According as 
they are expreſſed in the following Table; wherein I have 
omitted multiplying with 2, it being fo very eaſy that any one 


may do it. 
Multiplicetion Table. 
X3= gl4X4=16i5X5=25j6/:6=36}7 X7—49|8X8=6 
Xy==1 214X5==20j5 k6== 30PPAX 7==42 ey n= | 
XS I 6=24|/5X7=350X8=46 1 9=6319x9=81 


X6=1 4X7=285|5X8=406>*0==5 
3X7=21{4X8=32 5X9=45, 
XI=244*9=36, 
PS=27N 

I think it needleſs to give any Explanation of this Table; 
for if the Signs and their Significations be well underſtood {vide 
Page 5) wt muſt needs be eaſy. Only this may be noted, that 
4X3=3X4,, or 7X5=5%7, Ec. 

That is, 3 times 4 is the ſame with 4 times 3, or 5 times 7 

is the fame with 7 times 5, &c. The like mult be underftocd 
of all the reſt in the Table. 

And when all thoſe fingle Produds are fo perfectly learn'd. 
by Heart, as to be {aid without pauſing ; you may then proceed 
(but not till then) to the Buſineſs of Multiplication ; which will 
be found very eaſy, it the following Rule (and Examples) be 
carefully obſerved. ; 

| RULE. 

Always begin with that Figure which flands in the Units Place 
of the Multiplier, and with it multiply the Figure which /tands 

F 12 
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in the Units Place of the Multiplicand; if their Product be leſs 
than Ten, fet it down underneath its own Place of Units, and 
* * the next Figure of the Multiplicand. But if their 

be above Ten (or Tens) then ſet down the Overplus only 
(or odd Figure, as in Addition) and bear (or carry) the faid 
Ten or Tens in Mind until you have multiplied the next Figure 
of the Multiplicand, with tbe ſame Figure of the Multiplier; 
then to their Product add the Ten or Tens carried in Mind, ſet- 
ting down the Overplus of their Sum above the Tens, as before ; 
and fo proceed on in the very ſame Manner, until all the Fi- 
gures of the Multiplicand are multiplied with that Figure of the 


Multiplier. 
EXAMPLE I. 
Suppoſe it were required to multiply 3213 into or with 3. 
213 Multiplicand, 
3 : Multiplier, { or Fattors. 
Product 9639 

Beginning at the Units Place, ſay 3 times 3 is 9, which, be- 
cauſe it is leſs than Ten, fet down underneath its own Place, 
and proceed to the next Place of Tens, faying 3 times 1 is 3, 
which ſet down underneath its own Place; then tothe next Place, 
viz. of Hundreds, ſaying 3 times 2 is 6, which ſet down, as 
before ; laſtly, at the Place of Thouſands, fay 3 times 3 is 9, 
which being ſet down underneath its own place, the Operation 
is finiſhed ; and the true Product is 9639=321 3X3, as was re- 


: EXAMPLE 2. 
Let it be required to multiply 8569 into 8. Set down theſe 
Numbers as betore. 
Thus 0 5569 


68552 

Beginning at the Unit, Place, ſay 8 times 9 is 72, ſet down 
the 2 underneath its own Place of Units, and bear the 70, or 
7 Tens in Mind, and proceed to the next Figure of the Multi- 
plicand, (at which Place the 7 Tens are only 7) faying 8 times 
6 is 48, and the 7 carried in Mind is 55 ; ſet down the odd 5 
underneath its own Place of Tens, and carry the 50 (which is 
really 500) to the next Place (viz. of Hundreds) at which 
Place it is only 5, where fay, 8 times 5 is 40, and the 5 car- 
ried in Mind is 45; ſet down the 5 underneath its own Place, 
and carry the 40 or 4 Tens (which is really 4000) to the 
ncxt 
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next Place, viz. of Thouſands, ſaying, 8 times 8 is 64, and 4 

carried in Mind is 68. (Now this being the laſt Place or Figure 

to be multiplied) ſet down the whole Produc? 68, and the Work 
is done. 


So that, 8569X8=685 52, the Produd required. 
Now the Reaſon of this and all „ther the like Operations, 
may be caſily conceived from this which follows. 


was | The fame Fadters as before 


"[2 Here 8 times 9 is 72, as before, becauſe the 9 ſtands 

in the Units luce. 
Now here it is not really 8 times 6=48, but it is 
ſs times 60==480, becauſe the 6 ftands in the Place of 


Tens. 
0 And here it is not 8 times 5=40, but it 15 really 8 


— ͤ—AÆiĩ— 


times 520=4000, becauſe the 5 ſtands in the Place 
of Flundreds. 


Laſtly, becauſe the 8 in the Multip/icand ftands in 


the Place of the T7 houſounds, it is therefore 8 times 

e tom and not 8 times 8—=64. 

68 The Sum of the particnlar Predudis, which gives 
332 . true FPraaud, as betote. 

By what hath been already (id, with a little Conſideration 

had to the Examples, I preſume the Learner may es ſily under 

ſtand how to multiply whole Numbers with any ſingle Figure. 

And when it is requir'd to -mu/t/þly with more than one; then 

fo many Figures as there arc in the Multiplier, ſo many particu 

lar Product there muſt be. 

That is, all the Figures of the Multiplicand muſt be multi- 
plied with every ſingle Figure of the Multiplier, as if there were 
but one ſingle Figure: and the Sum of all thoſe particular Pro- 
duds, will be the true Product required. But in thoſe Opera- 
tions, great Care muſt be taken in ſetting down the particular 
Produ#is (which ariſe by each multiplying Figure) in their proper 
Places. Which will be eaſily done, it the following Directions 
be carefully obſerved. 


Always place the firſt Figure (or Cypher) of every 
Viz. J particular Produd, directly underneath the multiplying 
Figure. Or thus: 


The Firſt Figure (or Cypher) of the — particular Product 
muſt fland direfily under the ſecond Figure (or Place) of the 
Firſt Product; and the Firſt Fiems (or Cypher) of the Third 
| D particular 


\ 
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particular Product, mu __ direftly underneath the Third Fi- 
gure of the Firſt Product: And fo on until all is done. 

Now the Reaſon of placing the firſt Figure of every particular 
Predud in this Order, will be very obvious to any one that 
conſiders the laſt Example; wherein the Cyphers are only ſet 
down to ſhew the true Diitance of the firſt Figure in each par- 
ticular Produdt from the Units Place. And altho? it is not uſual 
to ſet down Cyphers in this Manner; yet they are always ſup- 
d to be there: That is, their Places are always left void, 
as in the two following Examples ; wherein I have placed Points 
inſtead of Cyphers. 


EXAMPLE 3. 
Let it be required to multiply 78094, into or with 7563. 


780947 ; 
7563 ; Fattors. 


234282 The Firſt particular Produd with 3 
468564 . The Second particular Product with 60 
390470.. The Third particular Product with 500 
546658... The Fourth particular Product with 7000 


590624922 The Total, or true Product required. 


EXAMPLE 4 
Suppoſe it be required to multiply 57498 into 60008. 
498 


57 

60008 
EY 459984 The Predu# with 8 
344988.... The Prequd# with 60000 


3450339984=5 7498X60008, as was required. 


Here you may obſerve, that I paſs over the Cyphers, and only 
take Care of placing the firſt Produ# of the laſt Figure, viz. 
of 65000 according to the foregoing Directions. 

When there is a Ober or Cyphers, to the Right-hand either 
of the Multiplicand or Multiplicator, or to both; in that Caſe 
multiply the Figures as before; neglecting the Qypbers until 
the particular Producte are added together; then to their Sum 
annex ſo many Cyphers as are in either or both Factors. As 
in theſe: 


EXAMPLE 
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ETAMHPLE 5. EXAMPLE6. EXAMPLE 3. 


9538 87600 785000 
4600 79 56900 
57228 — 7065 
38152 ; 6132 4710 
| been 3925 
43874800 6920400 — — 
44666500000 


Take a few Examples without their Wark at large. 


75649X5 79=43900771 
687000.<356=2445 72000 
530674X45007=23834044718 
7901375X30000—237041250000 
5$370840004590700=317255515300000 
102030405X504030201=-51426405540261405 
987654321X123456789=12193263111263526g9 


Note, If it be required to multiply any Number with 10, 100, 
1900, 10000, Ge it is only annexing the Cyphers of the Mul- 
tiplier to the Figures of the Multiplicand, and the Work is done. 


Thus 572X110 =5780. $78X1000 =5785000 
1 4. ch 8 78X10000==5 780000, &c. 


Theſe Examples (being well underſtood) are ſufficient to in- 
ſtruct the Learner in all the Varietics that can happen in multi- 
plying of whole Numbers, according, to the Method generally 
practiſed: However, it may not be amiſs to ſhew here how 
Multiplication may be performed (with many Figures) by A- 
dition only. | 


EXAMPLE. 


Let it be ired to multiply 879654 into 79863. : 
In order * this * any * Operation of this 
kind) by Addition only; you muſt make a Tariffa or ſmall 
Table of the given Multiplicand, in this Manner: 
Firſt, Make a ſmall Column, and in it place gradually down- 
ward — Is 2, 3s 4» 35 &c. 
2 


Then 


4 
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Then againſt the Figure 1, fet down the Multiplicand 
(which in this Exemple is 879654) and againſt the Figure 2, 
ſet down the Double of the Multiplicand, found by adding it 
to itfelf : To this Double add the Multiplicand, ſetting down 
their Sum againſt the Ligure 3. And fo 


proceed on by a continued Addition until 1 879654 
there be” ten Times the Multiplicand in the 211759308 
Table; which if the Work is true, will be the 32638962 
Multiplicand itſelf with a Cypher to the 43518616 
Right-hard of it, as in the ar nexed Table. 54398270 
This being done, it will be eafy to conceive, 6 527792 
that the ve in the ſmall Column of the 71615757 
Table, do reſpectively repreſent thoſe of the 817037232 
Multiplier: And that the Numbers againſt 917916886 
any of thoie finret in the mall Column, will 10 8796540 


be the true Preuu of the Multiplicand agree- 
ing to any Figure oi the Multiplier; as plainly appears by the 
Work of this Exanple. 


'Then — The Factors as before. 
79863 
3, in the Table is 26385652 =879654*3 
6, is 277924 2879654 60 
Againſt 4 8, is 7037232 ==879654X800 
9s is 7916886 =87g654X9000 
7s is 6157578 =874g654X70000 


The Pr. duct required. 70251807402 =879654X79863 
Note, This Method of Tabulating the Multiplicand, is both 


eily and certain; being neither tubject to Errors, nor burden- 
ſome to the Memory, and therefore in large Caiculations it may 
be found very uſctul. Eut for common Practice the uſual 
Method (as in Page 18, Sc.) is beſt, and to be preferred be- 
fore this. 

Moſt Xfaflers that teach (and ſeveral Authors that write of) 
Arithmelick, do teach to prove the Truth of Multiplication, by 
caſting away all the Nines that are contained in both the Factors, 
and their Product; but becauſe that Method is very erronious, 
as might be eaſily ſhewed ; I ſhall therefore omit inſerting it, 
and leave the Proof of Multiplication to the next Section, 
wherein (I preſume) the Reaſon and Proef, both of it, and 
Diviſion, will plainly appear. 

Sec. 
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Section 5. Of Diviſion. 


Divistox is a Rule by which one Number may be 
— Bacomduebeake ine 

rein. | 

That is, it ſpeedily diſcovers how often one Number is con- 
tained (or may be found) in another: And to perform that, 
there are required two Numbers to be given. 

1. The one of them is that Number which is propoſed to 
be divided, and is called the Dividend. 

2. The other is that Number by which the faid Dividend is 
to be divided, and is called the Divi/or. 

And by comparing theſe two, viz. the Dividend and the 
Diviſor together, there will ariſe a third Number, called the 
Quotient; which ſhews how often the Diviſor is contained in 
the Dividend, or into what Number of equal Parts the Divi- 
dend is then divided. Therefore, 

Diviſion is by Euclid fitly term'd the meaſuring of one Num- 
ber by another, viz. one Number is faid to meaſuve another 
that Number, which, when it multiplies, or is multiplied by it, 
it produceth. Euclid 7. Def. 23. 

And if a Number meaſuring another, multiply that Number 
by which it meaſureth, ar be multiplied by it, it produceth the 
Number which it meaſureth. Euclid 7. Axiom 9. | 

That is to fay, if that Number which divides another (called 
the Divi/or ) be multiplied with the Number which is produced 
by Diviſion (called the Quotient) their Praduct will be the Num- 
ber divided or Dividend. Whence it follows, that Diviſion and 
Multiplication are tne converſe and direct contrary one to an- 
other (as n is to Addition) and do mutually prove 
the Truth of each other's Operations. 

I ſhall therefore make choice of the foregoing Examples in 


Multiplication, in order (as I preſume) to render the Buſineſs 


of Diviſion more plain and eaſy. 
 Firft, let it be required to find how often 6 is contained in 
24. Ihat is, to divide 24 by 6. 

N. B. Always place down the given Numbers in this Order; 
Firſt ſet down the Diviſor, and to the Right-hand of it draw a 
crooked Line; then ſet down the Dividend, and to the Right- 
hand of it draw another crooked Line, in which muſt be placed 
the Qustient Figure, or Figures as they become found. 
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22 
Dividend 
Thus Diviſar 6) 24 (4 the Quotient. 


Here I conſider how many Times 6 there is in 24, and find 
it 4, viz. 4 Times 6 is 24, therefore 4 is the true Quotient or 
Anſwer required. 
ir 


in the Margin ; where 24 the Dividend 
is ſet down, and from it 6 the Diviſor 
continually ſubſirafed ſo often as it can 
be, which 1s juſt 4 Times. Therefore 
4 is the true Quotient or Anſwer required. 


18 
2 


Example, Page 1 5 
[w 
Q 


Compare this with the 


* 


Cerollary. 


From hence it is evident, that Divi/ffon is but a conciſe or 
eampendious Methcd of ſubſirafing one Number from another, 
ſo often as it can be found therein; for if the Diviſor be con- 
tinually ſubſfrafied from the Dividend, accounting an Unit 
(or 1) for each Time it is ſubſtrafed (as above) the Sum of 
thoſe Units will be the Quotient. 


All Operations in Diviſion do begin Nantrary to thoſe of 
Multiplication, viz. at the firſt Figure to the Lett-hand, or that 
of the higheſt Value, and decreaſe the Dividend by a repeated 
ration of each Predudt arifing from the Diviſar when 
multiplied into the Quotient Figure. And the only Difficulty in 
Diviſion of whole Numbers (or indeed of any Numbers) hies in 
making choice of ſuch a Dyotient Figure, as is neither too big, 
nor too little ; and that may be eafily obtained by obſerving 
the following Rule, which hath two Caſes. 


RULE. 


Caſe 1. As often as the fir Figure of the Diviſor is talen 
2 the firſt Figure of the Dividend: So often muſt the ſecond 

igure of the Diviſor be taken from the ſecond Figure of the 
Dividend, when it is joined with what remains of the firfl. And 
as often muſt the third Figure of the Diviſor be taken from the 
third Figure of the Dividend, tc. 

But if the firſt Figure of the Diviſor cannot be taken from 
the firſt Figure of the Dividende Then, Cala 


* 
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Cale 2. So often as the firft Figure of the Diviſor, is taken 
from the two firſt Figures of the Dividend, Jo often muſt the 
ſecond Figure of the Diviſor be taken from the thigd Figure of the 
Dividend, when it is joined with what remained of the Second : 
And fo often muſt the third Figure of the Diviſor be taken 
the fourth Figure of the Dividend, &c. 

t is, the Quotient Figure muſt be ſuch, as being multiplied 
into the Diviſor, will produce a Produ#? equal to ſuch a Part of 
the Dividend as is then taken for that Operation > But if fuch 
a Produf cannot be exactly found, then the next leſs muſt be 
taken, and ordered, as in the following Examples of which ſet 
that in Page 16 be the firſt, wherein there was given 8569 the 
Multiplicand, and 8 the Multiplier. To find the Produdt 68552. 
Let us here ſuppoſe the faid Product 68552, and 8 the Multi- 
plier, both given; thence to find the Multiplicand. That is, 
Let it be required to divide 68552 by 8. 


Dividend. | 
Diviſor 8) 68552 ( Quotient when found. 


According to the Rule, Caſe 1. I compare 8 the Diviſar with 
6 the firſt Figure of the Dividend, and finding I cannot take it 
from that; I then conſider (by Caſe 2.) how often 8 can be taken 
from 68, the two firſt Figures of the Dividend, and find it may be 
taken 8 times; for 8. Ames 8 is 64, being the greateſt Product of 
8 (into any Figure) that can be taken from 68. I therefore place 
8 in the Quotient, and with it multiply 8 the Diviſar, ſetting 
down their Product underneath the ſaid two firſt Figures of the 
Dividend, ſubſtracting it from them, and then the Work will 
ſtand 


Thus 8) 68552 (8 
64 


4 


In order to a ſecond Operation I make a Point under the next 


Figure of the Dividend, viz. under the 5, and bring it down un- 
derneath in its own Place to the Remainder 4, which will by 
that Means become 45. Then I conſider how many Times 8 
can be taken from 45. and find it may be 5 times; for 5; times 
8 is 40, I therefore place 5 in the Quotient, and with it multiply 
8 the Diviſor, ſetting down and ſubflradting their Product, as 
before, Then the Work will ſtand 


Thus 
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Thus 8) 8 (85 


45 
40 


5 | 
For a third Operation, I make a Point under the next 
Figure of the Dividend, viz. under the 5, and bring it down, 
as before, proceeding in all reſpects, as before; and then the 
Work will ſtand 


Thus 8) 68552 (856 
64.. 


7 

Laſtly, I point and bring down the 2, viz. the laſt Figure of 
the Dividend to the Remainder 7, which will then become 72, 
and proceeding as in the other Operations, I find that 8 the 
Diviſor, can be taken juſt 9 Times from 72, and the Work is 
fini and will ſtand 

Thus 8) 68552 (855g 
1 


| (o) 

The true Quotient is found to be 8569, being exactly the 
eighth Part of 68552, or the Multiplicand of the propoſed Ex- 
ample of Multiplication, As was required. 

The Reaſon of the Operations will be very plain to any one 
that will a little conſider it, as follows, 

Divijor 
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Divifor 8) 685 52 (8000 The firſt Qyotiant Figure. 


This Product of the Diviſor into the 
| | | \ Duotient is 64000, viz.8 times 8000; the 
Subſtrat Ao Quotient Figure being always of the ſame 

| Value, or Degree, with that Figure, under 
| which the Unit's place of its Produd ſtands. 


Diviſor 8) 5 502 (500. The ſecond Dnotient Figure. 
Subſftrad | And here the Product is 4000, viz. 8 
1419 oo * 500, not 8 times 5. 
Diviſar 8) {55/2 (60. The third Dyotient Figure. 
gab frag aſs { Alfo here the Product is 480, viz. 8 
ubſtr * times 60, for the Reaſons aboveſaid. 


Diviſor 8) 7 (g. The tourth Duotzent '1gure. 
0 Now here the Product is but 72, vig. g 
2 


Subſtratt 712 4 times 8, becauſe the 9 ſtands in the Place 
of Units. 
Remains (0 0) Now the Sum of all the ſeveral Duotients, 


viz. 800+500-+60--9=8569, as before. 


If the Proceſs of this Example be well conſidered and com- 
with that of Multiplication, Page 17, it will evidently 
appear to be only the Converſe of that; for the particular Pro- 
duds are alike in both, only that which is /aft there, is fit 
here; there they are added; here they are ſubſtrafed. So that 
whoever unde the true Reaſon of the one, muſt needs 
underſtand the Reafon of the other, and then Diviſron will be- 


come very eaſy, although the Diviſor conſiſts of ſeveral Places 


of Figures. 
EXAMPLE. 


Let it be required to divide 590624922 by 7563. 
| Dividend 
Diviſer 7563) 590624922 ( 


V Tis plain at the firſt fight, that 7563 the Divi/or, cannot be 
taken from 5906, the like Number of Figures in the N 

Therefore, by the Second Caſe of the Rule ( Page 23.) there 
muſt be allowed five Figures of the Dividend, viz. 


the fir Operation or Quotient; that fo the firſt 


the Diviſor may be taken out of the two firſt Figures, viz. 59 


of the Dividend, &c. 


* OT 


4 
- 
3 
Wo 
*; 
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Then I proceed {per Caſe 2.) and conſider how often 7 may 
be taken from 59, and find it may be taken 8 times, for 8 times 
7 is but 56, which I mentally ſubffre# from 59, and there re- 
mains 3; tothis three I mentally adjoin the third Figure of the Di- 
widend, viz. o, which makes it 30, out of which I muſt take the 
fecond Figure of the Dioiſor, viz. 3 often as I took the 7 
from 59, which was 8 times: But that cannot be, for 8 times 5 
which is more than 30, therefore 8 is too big a Figure to 
in the Quotient; yet, hence I conclude, that the next 
'Z. 7 may be taken without any further Trial. I there- 
7 in the Quotient, and with it zwltiply the Diviſor, 
their Produf under the Dividend, and ſubſirad it 
as in the other Example, and then the Work will 


IL 
17 


Þ 


f 


LI 


Thus 7563) 590624922 (7 
52941 


6121 


In order to a ſecond Operation, I make a Point under the next 
Figure of the Dividend, viz. under the 4, and bring it down to 
the Remainder 6121, which will then become 61214, with 
which I proceed in all reſpects as I did before with the 59062, 
and find the next Quotient Figure will be 8, with which I mul- 
taply the Diviſor, &c. and ſubſtraF# their Product from the ſaid 
61214. Then the Wort will ſtand 


Thus 7563) 5390624922 (78 
52941 


61214 
60504 


710 


To this Remainder 710, I point and bring down the next 
Figure of the Dividend, viz. g, which makes it 7109; now 
becauſe the Diviſor 7563 cannot be taken from 7109, I there- 
fore place a Cypher in the Quotient. | 

And this muſt always be carefully obſerved, viz. That for 
every Figure or Cypher, which is brought down the Divi- 
dend, in order to @ new Operation, there muſt s be either 
« Figure or Cypher, ſet down in the Quotient, Then the 
Work will ſtand 

Tho 
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Thus 7563) 590624922 (780 
52941 *© 


. — A * 


Chap. 2. 


_— 


61214 
60504 


0 es a 


7109 
To this 7109, I bring down another Figure of the Dividend, 
Viz. 2. and then it will become 71092; then I confider how 
often 7 can be taken from 71, c. ( juit as at the firſt Operation) 
and find it may be taken ꝗ times, therefore I fet down ꝗ inthe 
Quotient, and with it multiply the Diviſor, ſetting down and 
fubflrafting their Product, as before; then the Work will ſtand 
Thus 7563) 390624922 (7809 
$2941 ... 


O25 
To this Remainder 3025, I point and bring down the laſf Fi. 


in all reſpects 
it I multiply the Divi/or, ſetting down and ſubſtrafing their Pro- 
duct as before, and then the Work will 
Thus 7563) 590624922 (78094 
52944 


_ (00000) 
„ „„ 
being the true Muliiplicand of the propos d Example 
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That is, 7563 is contained in 590624922 juſt 78094 times, Ac. 

If the Work of this Example be conſidered and compared 
with the Rule (Page 22.) the whole Buſineſs of Diviſion will 
be eaſy ; for indeed the only Difficulty, as I ſaid before, lies in 
making choice of a true Quotient Figure, which cannot well be 
done according to the common Method of Diviſſon without 
Trials, yet thoſe Trials need not be made with the whole Di- 
viſor, (as appears by this laſt Example) for by the two firſt Fi- 
gures of the Diviſor all the reſt are generally regulated; except 
the ſecond Figure chance to be 2, 3, or 4, and at the ſame time 
the third Figure be 7, 8, or 9, then indeed Reſpect muſt be had 
to the third Figure, according as the Rule directs. 

However, if thoſe Trials are thought ioo troubleſome, they 
may be avoided, and the ſame Quotient Figure may both eaſily 
and certainly be found by help of ſuch a mall Table made of 
the Diviſor, as was of the Multiplicand in Page 20. 


EXAMPLE 4. 


Let it be required to divide 70251807402 by 79863. See the 
Example of Multiplication, Page 20, and as there directed make a 
Table of the Diviſor 79863, 

'Thus 

Diviſer. Dividend. Quotient. 
i] 79863) 70251807402 (8796 
159726 633904..... The Work of this Operation 
395399 "636140 l preſume may be eafily under- 
19452 659041 ſtood. For thoſe Figures in the 
99315 — Table are the Praduci of the Di- 
79178 770927 viſer into all the 9 Figures ; 
559041 7 conſequently thoſe Figures in the 
638904 522304 ſmall Column do ſhew what Fi- 

9718767 479178 gure is to be placed in the Quo- 
cn — 431260 tient, without any doubtful Tri- 


thu! . 
10 798630 399315 Als of the Diviſor, with the Di- 
319452 vidend, as before. 
£ 319452 
(ooo) 


This Method of Tabulating the Diviſor may be of good Uſe 
to a Learner; eſpecially until he is well practiſed in Divifton ; 
yea, and even then if the Divi/or be large, and a Quotient of 
many Figures be required, as in refolving of high Equations, 
and calculating of Affronomical Tables, or thoſe of 3 Sc. 


Chap. 22 Of Diviſion. 


29 
Hitherto I have made choice of Examples wherein the Divi- 
dend is truly meaſured or divided off by the Diviſor, without 
leaving any Remainder, being e compoſed of the Div ſar 
and Quotient. But it moſt uſually out, that the Diviſor 
will not exactly meaſure the Dividend; in which Cafe the Re- 
mainder (after Diviſton is ended) muſt be ſet over the Divi ſor 


with a ſmall Line betwixt them adjoining to the Qyotient. 


EXAMPLE 5. 
Suppoſe it were required to divide 379 by 5. 


5) — Ion 2 


29 
25 


EXAMPLE 6. 
Again, Let it be required to divide 43789 by 67. 


67) 43789 (6535 the true —— required. 
402. . 


358 
335 


239 
201 
Remains (38) 

How ſuch Remainders thus placed over their Diviſars (wh'ch 
are indeed Fulgar Frafions) may be otherwiſe managed, ſhall 
be ſhewed farther on. 

N. B. When the Diviſor happens to be an Unit, viz. 1, with 
a Cypber or Cyphers annexed to it, as 10, 100, 1000, Ce. Divi- 
fron 15 truly performed by cutting off with a Point or Comma, fo 
many Figures of the Dividend as there are Cypbers in the Diviſor; 
then are thoſe Figures ſo cui off tobe accounted a Remainder, and 
the reſt of the Figures in the Dividend will be the true Quotient 
required, becauſe an Unit or 1 doth neither multiply nor drvide. 


EXAMPLE 5. | 
„ . The Work may 
ſtand thus, 100) 578,42 the Yyotient required ; or thus, 
100) 57842 (5787323 the ſame 


Hence 
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Hence it follows, that if any Diviſor have Cyphers to the 
Right hand of it, you may cut off ſo of the laſt Figures 
in the Dividend, and divide the other Figures of the Dividend, 
by thoſe Figures of the Diviſar that are left when the Cyphers 
are omitted. But when Diviſion is ended, thoſe Cyphbers fo 
omitted in the Diviſar, and the Figures cut off in the Dividend, 
are both to be reſtored to their own Places. 


EXAMPLE 8. 


it were required to divide 675469 by 5400. 
5400) 675469 (125 


34. 


— — 
135 
108 


274 
270 


Remains (4) But the true Remainder is 469. 
Conſequently the true Quotient is 1257188. 

As to the Manner of proving the 'Truth of any Operation, ei- 
ther in Multiplication or Diviſion, I preſume it may be eaſily 
underſtood, by what is delivered in Page 21, compared with the 
three firſt Examples of Diviſion; tor from thence it will be eaſy 

to conceive, that if the Divi/or and Quotient be multiplied toge- 
ther, their Produ# (with what remains after Divifon being 
added to that Produ#) will be equal to the Dividend. As in the 
filth Example, where the Dividend is 379, the Diviſer is 5, the 
lay, 75X5=375, te which add the Remainder 4, it will be 
19- . 
a Again, in the fixth Example, the Diviſor is 67, the Quotient 
is 653, and the Remainder is 38. | 
* 653X67=43751, and 43751+38=43789 the Divi- 
» &c. 

T here are ſeveral uſeful Cantraciant both in Diviſion and Mul- 
t:plication, which I have purpoſely omitted until I come to treat 
of Decimal Arithmetick. Alto I have omitted the Buſineſs of 

volution or extracting of Roots, until further on; and fo ſhall 

conclude this Chapter with a few Examples of Diviſion unwrought 

at large, leaving them for the Learner's Practice. ) 
379 
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579) 43800771 (75649. 
Or 75649) 43800771 ( 579. 

45007) 23884044718 (530674. 

Or 530674) 23884044718 ( 45007. 

356) 244572000 (687000. , 

59600) 57659066400 (967434. 

10000) 6795438 20000 (67954382. 
79) 282016 (356975. 


CHAP. IL 


mg ADDITION and SUBSTRACTION of Numbers 
of different Denomunations, and how 10 reduce them 
from one Denomination to another. | 


SECGCK 5 


1. Of Engliſh Coin. 
HE leaſt Piece of Money uſed in England is a Farthing, 
and from thence ariſeth the reſt, as in this Table. 


Farth. " $5. is a Crown, 
And 


10s. is an Angel. 
6s. 8d. a Noble. 
135. 4d. a Mark. 


Note, When J. 5. d. g. are placed over (or to the Right-hand 
Number, they denote thoſe Numbers to ſignify Pounds, 
illings, Pence, and Fartbings. 

4. 7. 
As 35 10 6. 2. Or 35“. nos. 64. Either of theſe do 
ſignify 35 Pounds, 10 Shillings, 6 Pence, 2 Fartbings. 

The fame muſt be underſtood of all the following Character: 
belonging to their reſpective Tables, viz. Of Weights, Mea- 
fares, &c. | | 

2. Troy Weight. 

The Original of all Weights uſed in England, was a Corn of 
Wheat gathered out of the Middle of the Ear, and being well 
dried, 32 of them were to make one Penny Weight, 20 Penny 
Weight one Ounce, and 12 Ounces one Pound Trey. Pide Sta- 
Ates of 51 Hen. II. 31 Edw. I. 12 Hen. VII. 

| But 


> 
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But in later Times it was ſufficient to divide the 
aforeſaid Penny Weight into 24 equal Parts, called Grains, 
being the leaſt Weight now in common Uſe; and from thence 
the reſt is computed as in this Table. 


By Troy Weight are 
Note, 


weighed Fewels, Gold, 
Sitver, Corn, Bread, 
and all -Liquors. 


Beſides the common Diviſions of Troy Weight, I find in Angliæ 
Notitia, or, The preſent State of England, printed in the Year 
1699, that the Moneyers (as that Author calls them) do ſubdivide 


24 Blanks=1 Periot. 
Thus 


20 Periots=1 Droite. 
24 Droits=1 Mite. 
20 Mites=1 Grain, &c. as before. 


3. Apothecaries Weights. 


The Apothecaries divide a Prund Trey as in this Table. 


Cr. Grain. 


$760=288=96=12 1 tb Troy, the ſame as before. 


theſe Weights the Apothecaries compound their Medicines: 
but buy and fell their Drugs by Averdupois Weight. 


4. Arerdupoit Weight. 


When Averdupois Weight became firſt in Uſe, or by what Law 
it was firſt ſettled, I cannot find out in the Statute Bool; but on 
the contrary, I find that there ſhould be but one Wergbt (and one 
Meaſure ) uſed throughout this Realm, viz. that of Troy, (Vide 
14 Ed. III. and 17 Eg. III.) So that it feems (to me) to be firſt 
introduced by Chance, and ſettled by Cu/tom, viz. from giving 
good or large Weight to thoſe Commodities uſually weighed 
by it, which are ſuch as are either very coarſe and drofſy, or 


Of Weights, Meaſures, &c. 


to waſte; as all Kind of Grocery 
Rofon, Wax, Tallow, Flax, Hemp, &c. Copper, Tin, 


Pitch, Tar, 


Steel, Iron, Lead, &c. Alſo Fleſh, Butter, Cheeſe, Salt, &c. 
t „ — 


To theſe and the like, I preſume, it was though 
allow a greater Weight than the Laws had rom 
happened to be about a fixth Part more : For I fou 
Nice iment, that one Pound Averdupso 
Ounces, 11 Penny Weight, and 151 82 — And it is 
now computed as in the following Table. hr 


Drams. 
16=1 Oz. Ounces. 
256= 188 'Þ Pounds. 
28672= 1792=112=1 12=1 C. Hundred. 


573440=35840=2240=20=1 Tun. 


. Long Meaſure. 
As the leaſt Part of vicds cats ot frft from 6 her Com 
ſo (it is generally faid) the feaft Part of a Lang Moafore was as 
firſt a Barley Corn, taken out of the Middle of the Ear, and 
being well dried, three of them in Length were to make one 
Inch; and thence the reſt, as in this Table. 


dp mm ft — 2 
Inches. And 3 14+ Tard= 1 
8 2 


36= 1y2=1 "12=1 F Feet. 
108 436= 3=1 "3=1 TI. Yards. 
594= 198= 163z= 5${=1 Ei E Poles. Poles. 
| 23760= 7920= 660= 220= 40=1 Furlong. 
190080=63360=5280= 1 760=320=8=1 Mile. 


Note, That forty Statute Poles, or Perchesr, in Length, and 
four in Breadth, do make a Statute Acre of Land. 
That is, 220 Yards, multiplied. into 22 Tard:=4840 ſquare 

Yards are a Statute Acre. | 
And according to the TranſaQtions of the French Academy, 
Anno 1687, a Paris Foot Royal is=12,8 Inches Engliſh ; Six of 
rr. and 57060 Toifes= 2. 

Peet, are the Meaſure of one Degree of a 
Surface of the Earth. So that one Degree is v | 
Yards, which is very near to our Country-man Mr. Nor woods 
made betwixt London and York, Anno 1635 ; who 


c nn Mike, and 958 Forde to make 2 
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And not 60 Miles, according to the common received 


and Practice of the Navigators or Seamen. 
— 22 the Circumference 


. 


Engliſh 
All Meaſures of ity, both Liquid and Dry, were at firſt 
. — Weight, Vide Statutes 9 H. III. 51 H. III. 12 
IS wherein it is enacted, that eight Pound Troy Weight, 
gathered out of the Middle of the Ear, and well dried, 
— — — And that there ſhould 
be but one Meaſure for Wine, Ale, and Corn, throughout this 
Realm, (Vid. Stat. 14 Edw. III. 15 Rich. II.) But Time and 
Cuſtom have altered Meaſures, as they have done Weights (and 
perhaps for one and the fame Reaſon) for now we have three 
different Meaſures, viz. one for Wine, one for Ale or Beer, and 
1 computed by 
each, as are now 
RRR 5 
The common Wine Gallon ſealed at Guild- ball in London; by 
which all Wines, Brandies, Spirits, Strong-waters, Mead, Perry, 
Cyder, Vinegar, Oil, and Honey, &c. are meaſured and fold ; is 
ſuppoſed to contain 231 Cubick Inches, and from thence the reſt 
are computed, as in this Table. 


Gallons. 
Cubick Inches. 18 21 Rune, and 
231=1 C. Gallons. Note, 4 3" makes a Wine 
or Vinegar Barrel. 


1455 3= 63=14=1 I—=1 Hog fbead. 

19404= $4=2 =11=1 Puncion. 
29106=126=3 =2 =15=1 Butt or Pite. 
$8212=252=6 =4 =3 =2=1 Tun. 


But Dr. Wybard in his TeQometry, —_— doth ſuppoſe 
the Wine Gallon to contain but 224, or 225 Cubick Inches at 
the moſt, and to this Account an Experiment was made 
by Mr. Richard Walker, and Mr. Philip Sbaler, two General 


Officers in the Exciſe. cauſed a Veſſel to be very exactly 
made of Braſs in Form of a Par each Side of its 
Baſe was 4 Inches, and its 14 Inches ; fo that it's juſt Con- 
tent was 224 Cubick Inches. Veſſel was produced at Guild 


Hall in London - 1688.) before the Lord-Mayor, the 
ieee Exc, u. Revd. Mr. Flanſteod, as. By . 


n GCE 
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2. 09 and ſeveral other i Gentlemen, in whoſe 
. Shales did exactly fill the aforeſaid brazen Veſſel 


172 „ it into the old 
Standard Wine Gallon kept in Guild-hall, which did fo exactly 
fill it, that all then preſent were fully fatisfied the Wine Gallon 
doth contain but 224 Cubick Inches. (This notable Experiment I 
faw tried.) However, for ſeveral Reaſons, it was at that Time 
t convenient to continue the former ſuppoſed Content of 
231 Cubick Inches to be the Wine Gallon, and that all Computa- . 
tions in Gauging ſhould be made from thence, as above. 
The Beer or Ale Gallon (which are both one) is much larger 
than the Wine Gallon; it being (as I preſume) made at firſt to 
correſpond with Averdupois Weight, as the Wine Gallon did with 
Troy Weight : For (as I ſaid before, page 33.) one Pound Auer 
OS IE Rap 12 Penny Weight T, Trey, very near. 
And, as one Pound Troy is in proportion to the Cubick Inches 
in a Wine Gallon, ſo is one Pound Averdupeis to the Cubick 
Inches in an Ale Gallon. That is, 12 : 231 : : 1418: 2814, very 
near the Cubich Incher contained in an Ale Gallon, a 
from an Experiment Ar 
* 1 a man ears ago, who, by ſuch a Veſſel 
— 1 e age, did find the Standard Ale 
11 1 12 Car. II.) to contain juſt 
704 Cubick Inches, conſequently the Ale Gallon muſt contain 
282 Cubick Inches, and from thence the following Tables are 


computed. 
Ale Me a 
Cubick Inches. 5 — 
nn LESLEY 


I 
'vy 
, 
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N. B. This Diſtinction or Difference betwixt Ale and Beer 
Meaſure, is now only uſed in Londen. But in all other Places 
of England, the following Table of Beer or Ale, whether it be 
ſtrong or ſmall, is to be obſerved, according to a Statute of 

Exciſe made in the Year 1689. 

Cubick Inches. 

i 282=1 Gallon. 
2397=84=1 Firkin. 
4794=17=2=1 Kilderhin. 
9588=34=4=2=1 Barrel. 

1438225 1=6=3=14=1 Hoghead. 


7. Of Dry Meaſure. 3 

Dry Meaſure is different both from Wine and Ale Meaſure, 
being as it were a Mean betwixt both, tho' not exactly fo; 
which upon Examination I find to be in Proportion to the afore- 
faid old Standard-Wine Gallon, as Averdupois Weight is to Troy 
Weight ; That is, As one Pound Troy is to one Pound Averdu- 
Pois, fo is the Cubick Inches contained in the old Wine Gallon - 
To the Cubick Inches contained in the Dry or Corn Gallon. 

Vix. 12: 1445 : : 224 : 2724, which is very near to 2722, 
the common received Content of a Corn Gallon : Altho? now it 
is otherwiſe ſettled by an Act of Parliament made in April 1697, 
the Words of that Act are theſe : 

Every round Buſhel with a plain and even Bottom, being made 
eighteen Inches and a half wide throughout, and eight Inches deep, 


ſhould be efteemed a legal Wincheſter Buſhd, according to the 

Standard in his Majeſty's Exchequer. 

Now a Veſſel being thus made will contain 2150,42 Cubick 

Inches, con the Corn Gallon doth contain but 268+ 

Cybick Inches. 

- Cabick Inches. 8 
ae - Note, 11 Puarters=a Wey, and 
$37,6= 2= 1 Peck. 12 Weyz=a Laff of Corn, 

2150,4= 8= 4=1 Buſbel, 1 

'17203,2=64=32=8=1 Larter. 


J obſerved amongſt the Lead-Mines in Derbyſbire, ( Anno 
1692) that the Miners bought and fold their Lead Ore, by a 
Meaſure which they called ap Ore Diſh ; whoſe Dimenſions I 
carefully took, and found it 

Length 21.3. 
m Breadth 6. | 
© Depth 84. 


Inches. 
Conſe- 


ey 


5 
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its Content is 1073, 52 Cubici Inches, which is 
very near equal to 4 Corn Gallons, according to the abovemen- 
tioned Settlement. | , 
Nine of thoſe Diſhes they call a Load of Ore, which if itbe 
pretty good, will produce about 3 hundred Weight of Lead. 


8. Of Time. 


It is not an Thing to give a true Definition of Time 
for (according * pbiloſaphict Poet. : 


Time of itſelf is nothing, but from Thought 
Receives its Riſe, by labouring Fancy wrought 
From Things conſider d, whilſt we think en ſome 
As preſent, ſome as paſt, or yet to come. 

No Thought can think on Time, 3 confeſt, 
But thinks on Things in Motion or at Reſt. 


And fo on,. Vide Lucretius, Book I. 


That is, Time only ſhews the Duration or Mutation of Things, 
a Year being the Standard or Integer, by which ſuch Continuance 
or is computed. And a Tear is that Space of Time in 
which the Sun (apparently) compleats its Revolution from any 
one Point in the Ecliptick (an imaginary Circle in the Heavens ) 


. 


to the ſame Point again, which, according to modern Ob/ſerva- 


tions, is performed in 365 Days, 5 Fours, 48 Minutes, 57 Se- 
conds. 21 Thirds, 8 But a Second web, the leaſt Part of 
Time that can be truly meaſured by the Motion of any mechani- 
cal Engine, as a Clock, &c. (a Third being leſs than the Twink- 
ling of an Eye) I begin the following Table with Seconds. 


86400= 1449S 24=1 Day. 


= 2876 * =1 Year, called 
31556937=525948=8765=365 +5-+48+57 2 wit « 


But the common Year, uſually called the Julian Tear, doth 


conſiſt of 365 Days and 6 Hours, and is divided into twelve * 


unequal Months, called Nalendar Months, whoſe Names and 
Number of Days are the Subject of every Almanact. 
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To theſe Tables it may not be amiſs to give a brief Account 
of ſuch Cons, Weights, and Meaſures, as are frequently men- 
tloned in the Scriptures. As. I have deduced them from thoſe 
which ſeem to be the moſt correQ, inferted in the Index to the 
large Bible, Anno 17102, and compared with thoſe uſed 
in England, by the Lord Biſhop of Peterborough. 


The Hebrew Weights, compared with Fg uy 


A Gerah=|] ©. ©. 1042 
10 Gerahs=a Bekah=| oO. 4. 134 
2 Bekabs=a Shekel=| ©. 9 __ 
100 Sbekels=a Menab= | 45 . 12 
Note, A Shekel is ſaid to be their original Weight. 
t Coin. 
d. 


feb & s Weight 60 Shekels. 


357 104 Weight 3000 Sbeteli. 
$075 . ba - 74 The ſame Weight men- 
1. ©. 4 tioned Ex. xxv. 39. 


n 


4 — — 

. 15 Farthing. 
3 of a Farting. 
A Mite=o . z of a Fartbing. 


, a Bug Meaſure. 
Their Long Meaſure compared with | Tar. 2 In. Pts. 
N O . 0912 


A Finger*s Breadth= 
4 Finger. = Hand's Breadth= 

2 Hands=ethe leaft Span 

3 Hands Breadth=the longeſt Span—| 
2 Spans=the longeſt Cubit— 

4 Cubits=a Fathom= 

6 Cubits=BExzehiels Reed— 
400 Cubits=a Stadium 243. 

10 Stadium. Mile 2432. 

3 Miles=a Paraſang= 7296. 
Which is 4 Engliſh Miles and} 256. 


gg 


Of Weights, Meaſures, &c. 
Their Meaſures of Capacity, compared with | Gal. Plats, heb. 


4 Log 
10 Catyla an Omer 
3 Cabs=a Hin 1 
* 2 Hins=e Seab 2 
3 Seabs=an Epha a7 
10 Epha's=a Chamer 75 


** 


Sect. 2. Appirtiox of Werghts, &c. 


The foregoing Tables being ſo well underſtood, as that you can 
really tell, without pauſing, how many Units of any one Deno- 
mination, do make one of the next ſuperior Denomination ( eſpe- 
cially in thoſe Tables which are moſt uſeful for your it 
will then be as eaſy to add or ſubſlract them, as to add or fub- 
traci whole Numbers, due Care being taken in placing all Num- 
bers that are of one Denomination exactly underneath each other. 
That is to ſay, in Money, place Pounds under Pounds, Shillings 
under Shillings, Pence under Pence, &c. Underſtand the like 
in Weights and Meaſures, &c. according to their ſeveral Deno- 
- minations : Then in Addition obſerve this Rule. 


RULE. 

Alaways begin with thoſe Figures of the loweſt or leaſt Deno- 
mination, and add them all together into one Sum, then confider 
how many of the next ſuperior Denomination are contained in that 
Sum, /o many Units you muſt carry to the ſaid next ſuperior Deno- 
mination to be added together with thoſe Figures that fland 
there ; and if any thing remain over or above thoſe Units fo car- 

- ried, that Overplus muſt be ſet down underneath its own Deno- 
mination : And fo proceed on from one Denomination to another 


nil all be fini 
Example in Coin. 
Let it be required 


v3 
D 
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e 2 gh 3 ts tons pate 3 
neath its own ion, and rn - 
to the Place of Shillings, adding — and all 27 . 02 . 10 
the Shillings together, I find the Sum to be 48s. 54 . 13 . 04 
wiz. 21. 85. I ſet down the 8s. underneath 10. 17 . og 
its own Place of Shillings, and carry the 2/. — 
to the Place of Pounds, adding them and all the 128. 08. og 
| Pounds together, I find their Sum is 1281. con- 
1 uently the Total Sum required is 128/. Bs. ogd. 
w, for as much as it often happens in keeping Books of 

— (and in other Buſineſs) that it is required to add up 

large Sums of Money, conſiſting of 30, 40, or more ſeveral par- 

Sums, nay, perhaps filling up the whole Length of a Sheet 

of Paper, I humbly canceive in thoſe Caſes the beſt and eaſieſt 
Way will be to them into Parcels, not exceeding above 
10 or 12 particular Sum: in each Parcel; that done, add toge- 
ther all the Sums of thoſe Parcels into one Sum, and that will 
be the Total Sum required. 

Alto to avoid the making of Points, or other Marks amongſt 
PRC Figures, it will be convenient to get the following T ables 


The Pence Table. \; The Shillings Table. 
& & " 3 3 
I2=1 72= 6 2021 120 6 
24=2 $4= 40=2 140 7 
36=3 96 8 | =3 160= 8 
43=4 1082 9 80=4 180 g 
60=5 120=10 | 100=5 200 10 


rie 
needleſs to explain them. 


Troy Weight. Averdupois Weight. 

Ib. Oz. Pw. Gr. Tun. C. 2. Ib. Oz 
3 - 09 . 00 . 10 12. 15 . 2 . 24. 12 
$ . 08. I5.. 21 7. 10. 3. 23 . 3G 
IO . IO . 12 . 22 A EY 7% 2% 
0 . It . 19. 23 I . 19. 3. 27. 15 


| Cam 21 . 04 . 09 , 04 Sum 23 . 05 . © . 05 . og 
Examples 


- 


 SubſtraQtion of Weights. 


I think it needleſs to ſet down more Examples of this Kind, 
for if theſe 5, eſpecially the laſt, will be underſtood, they will 
be ſufficient to ſhew how any other may be performed. 


— 


Sect. 3. SUBSTRACTION of Weights, &c. 


Ubſtraction is but the Converſe of the precedent Work, 
S. 


RULE. 

Begin with the loweſt or leaſt Denomination, as before in 
Addition, and take or ſubſtract the Figure, or Figures, in that 
Place of the Subtrahend, from the Figure or Figures, that ſtand 
over them of the ſame Denomination; ſetting down the Remair- 
der (as in page 12.) But if that cannot be done, then you muit 
increaſe the upper Figure or Figures, with one of the next ſu- 
perior Denomination, and from that Sum make SubſtraQion ; 
and fo proceed to the next ſuperior Denomination, where you 
the one borrowed, by adding Unity to the Subtrahend 
ace, Oc. as in whole Numbers. 


Example in Cain. 
J. @ if 


From 386 . 0g . os From $69 . 10 . 06 
Take 173 . 04 . 06 Subt. 389 . 15 . 08 


muſt pa 
in that 


Remains 213 . 05 . 02 179 14 . 10 


of he firſt of theſe is ſelf-evident. In the ſecond Ex- 
ample, beginning at the Place of Pence, being here the leaſt De- 
nomination, I am to take 8d. from 6d. but becauſe that cannot 
be done, I muſt, according to the Rule, borrow one of the next 
Denomination, viz. 17. and add it to the 6d. which makes it 18d. 
(for 1. td. and 12+6d.=18d.) then I take 8d. from that 
18d. and there remains 10d. to be fet down underneath the Place 
of Pence; that done, I proceed to the Place of Shillings, where! 
muſt now pay the 1-. ſaying one borrowed and 15 makes 16 from 


10 cannot be, but 16 from 30 and there remains 14. That is, 1 
Ya G " borrow 


* 
- 
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horrow one of the next Denomination, viz. 17. and add to it 
the 10s. which makes it 30s. (for 1. Ot. 2 
having ſet down the remaining 145. underneath its own Place 

Shillings, I | to the Place of Pounds, where paying the 1/. 
Mins. i x | be 1 borrowed and 9 is 10 from 9 cannot be, 
but 10 from x5 and there remains 9, and fo on as in whole 
Numbers, all be finiſhed; and the Remainder will be 


od. 
235 This Example being a etle conſidered will render all others 
in this Rule ah 


The Proof of Addition and Subſtraction in theſe Numbers of 
different Denominations, is the very ſame with that of whole 
Numbers in page 13. I ſhall therefore refer you to that Place, 
_ and, omit repeating — 


WV 


Of Reduction. 63 
„ And by that Means 
for Multiplication and Diviſion; whic 


Conſider how many Units of the — — make 
2 to be reduced, which is ea- 
able, and with that Number of 


Example in Coin. 
Let it be required to reduce or change 3577. into Shillings, 
and thoſe Shillings into Pence, which ſhalt fill be equal in Va- 
lue with the 3571. 


| 85680= the Pence in 3571. as was required. 
aan Thus, 


| $85680= the Pence in 3574. as before. 


But when the Numbers to be reduced are of ſeveral 
and it is 

muſt reduce the high Denomination to the 
44 
together, then reduce their Sum to the next lower Denomina- 
tion, adding together all the Numbers that are of that De no- 


r all is done. Pa 


r them all to the loweſt; 


| 
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* be EXAMPLE. 
it e 17+. 20 37 into ons 


375. 17s. 10d. 39- 
20 


7500= the Shillings in 37 5. 
+ 17s 


7517= the Shillings in 378. 17 
12 


— — — 


15934 
7517 


gozog= the Pence in 375. 175. 
＋ 10d. 


g0214= the Pence in 375/. 17s. 104. 
4 


360856= the Farthings in 375/. 175. 10d. - 
7+ 37. 


| 360859 Farthings=3754. 175. 10d. 39. as was required. 
The Work of this Example, and all other Operations of this* 


Kind, may be ſomewhat ſhortned by obſerving the following 
Method. | | . 


3754. 175. 10d. 35. 


20 Multiply and add in the 175. 
7517 
12 ae dhe 2nd 
15034 
7518 
n Multiply and add in the 
in 
ARE — 
360859 the Farthings as before. 
Examples in Troy Weight. : 


Suppoſe it be required to reduce 2915 8 oz. 18 Pt. 21 gr. 
into the leaſt Denomination, viz. into G. 
Thus, 


. 
= 
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66 


cd 


356=the Ounces in 29 lb. 8 oz. 
Multiply with 20 the pw#s. in 1 oz. and add in the 18 prof. 
7138=the pwts. in 29 lb. 8 oz. 18 pot. 
Multiply with 24 the Grains in 1 pt. and add in the 21 gr. 


23553 
14278 


171333 the Grains=29 Ib. 8 oz. 18 pw. 21 gr. 


Theſe two Examples at large being well underſtood, may 
ſuffice to ſhew how all tions of this Kind are performed ; 
either in Weights, Meaſures, or Time. I ſhall only inſert a 
few Examples of each Sort for the Learner's Practice. 
1. In 23C. 3grs. 21 lb. goez. Averdupois Weight; How 
my Ounces? Anſwer. 42905 Ounces. 

2. In 252 Engliſh Miles, How many Yards, Feet and Inches ? 
| 443520 Yards=1 330560 Feet=r5966720 Inches 

3. In 1692 common Years, How many Days, Hours and Mi- 

mates? Anſwer. 618003 Days, 14832072 Hours, 889924 320 * 


Minutes. 
Nete, a common Y 5 Days, 6 Hours, fee page 37. 
4. In 5786 Pounds, 17 illings, 9 Pence Sterling: How 
many Shillings, Pence and Farthings? 
Anſwer. 115737 —_— 1388853 Pence, or 5555412 Far- 
_ That is, 3786“. 17s. gd.=115737s. gd 13888534. 
Y 
The next Thing will be to ſhew how to bring Numbers from 


a leſſer to a greater Denomination, which by moſt Authors is 
called, tho” very unproperly, 


RepucTion Aſc 
To 's the Converſe of the laſt, and is performed by 
RULE. 


Conſider how many of the Denomination propoled make one 
of the Denomination required, and make that Number your 
Diviſor, by which divide the Denomination propoſed; ang the 
Quotient will be the Number required. E X- 


Artbimeesch 
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EXAMPLE. 


Let it be required to find how many Shillings and Pounds 
are contained in 85680 Pence. 
The Pence in 1-5. are 12) 85680 (140 = 85680. 
„ 11. are 20) 7140 (3574. the Anſwer 


Another Example in Coin. 

How many Pence, Shillings and Pounds, are contained in 
264859 Farthings. Ry | 
4) 264859 ( 662148. "a 275 


— — — - 


3 - - 62 181 


os 21 1 


5 94 (17)« 
19 (10) 4 
Remains (3)g. F Note, The Remainder is always of the fame 
; Denomination with the Dividend. 


Ray» my . together with the ſeveral Remainders, 


Anf wer required. 
Fi. 2750. RY 104. „e l. Farthings. 


— to find how many gui 02s. and Iba. 
are contained in 171333 Grains. 


20) 12) 
24) 1721333 F. (7138 pw. (356 (291b. 
168 113 24 


Anſwer, 29 lb. 8 oz. ee 21 This and the laſt 


4. 


Thus 


CHAP. IV. 


Of Vurtcar Faacrtions. 


Se. 1. Of NorArtox. 


Fraction, or broken Number, is that which repreſents 2 
Part or Parts of any Thing propoſed [vide page 3.) and is 
expreſſed by two Numbers placed one above the other with a 
Line drawn betwixt them. : 
| - Nomerater: 

The Denominator or Number peed enderneth the Line, 
denotes how many equal Parts the Thi ſuppoſed to be divi- 
ded into (being only the Diviſor in Divifion.) And the Nume- 
rator or Number placed above the Line, — how many of thoſe 
Parts are contained in the Fraction, it being the Remainder af- 
ter Diviſion. (See page 29.) And theſe admit of three Diſtinc- 


tions: | 
A proper, L 


an Unit. That is, it repreſents the immediate Part or Parts of 
any Thing leſs than the Whole, and therefore its Numerator 


is always leſs than the Denominator. 
is one Fourth Part. lalf. 
An ied Pay And {2 : ©» two The, fie. 


An improper FraQtion is that which is greater than an Unit; 
That is, it repreſents ſome Number of Parts greater than the 
whole Thing; and its Numerator is always greater than the 


Denominator. 
As 4 Or $ Or 4; &e. 

A compound Fraction is a Part of a Part, conſiſting of ſe- 
veral ord [off]. and Deaominators, connected together with 
the Word [ 

As + of 2 of 2, Ec. and are thus read, The one Third of the 
three Fourths of the two Fifths of an Unit. 

That is, when a Unit (or whole Thing) is firſt divided into 
any Number of equal Parjs, and each hoſe Pars ar ud 


Of Vulgar Fractions. 49 
divided into other Parts, and ſo on: Then thoſe laft Parts are 
called compound Fractions, or Fractions of Fraftions. 

As for Inſtance, ſuppoſe a Pound Sterling, or 209. be the Unit 
or Whole; then is 87. the þ of it, and 6s. the 3 of thoſe two 
Fifths, and 25. is the] of thoſe three Fourths. Fiz. 25.=3 of 
2 of f of one Pound Sterling. 

compound Fractions 1 y nn 

RULE. 

Multiply all the Numerators into one another for «a Numerator, 
and all the Denominators into one another for the Denominator. 

Thus the ; of 2 of 2 will become 55. Or 23. 
For 1 x ; x 2=6 the Numerator, and 3x4x5=60 the Denominator, 
but x5 or of a Pound Sterling is 25. - As above. 


Sect. 2. To ALTER or CHANGE different FRacrioxs info 
one Denomination retaining the fame Value. 


N order to gain a clear Underftanding of this Section, it will 
be convenient to premiſe this Propoſition, viz. IH a Num- 
« ber multiplying two Numbers produce other Numbers, the 
« Numbers uced of them ſhall be in the fame 
that the Numbers multiplied are, 17 Euclid 7. : 

That is to ſay, If both the Numerator and Denominator of 
any Fraction be equally multiplied into any Number, their 
Products will retain the fame Value with that FraQtion. 

As in theſe, 2*2=$. Or 3g. Or rg, We. 

That is, * and g. Or f and 5. Or; and 12 are of the fame 
Value in reſpect to the Whole or Unit. | 

From hence it will be eaſy to conceive how two, or more 
Fractions that are of different Denominations, may be alter'd or 
chang'd into others that ſhall have one common inator, 
- and ſtill retain the fame Value. 

Example. Let it be required to change 2 and q into two other 
Fractions that ſhall have one common Denominator, and yet 
retain the ſame Value. 

According to the foregoipg Propoſition, if 4 be equally multiplied 
with 7, it will become 2+ wiz. . Again if ; be equally mul- 


tiplied with 3. it will become 24 viz. Rz? And by this Mears 


I have obtained two new Fractions 14 and 2 that are of one Denomi- 
—_ and the fame Value with the two firſt propoſed, wiz. 1121 
2127. f 


H And 
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Fractions into one Denomination. 
XR UL. 

Multiply all the Denominators into each other for a new (and 
common) Denominator. And cach Numerator into all the Deno- 
minators but its own, for new Numerators. 

Example. Let the propoſed Fractions be, J. 5. 2. and 5. 

'Then by the Rule. 


A new Denominator And the new Numerators will be 
will be thus found. thus found. 
„ 
7 5 3 3 3 
5 Ys fo 
= 4 4 3 5 
20 24 45 90 
7 7 7 4 
140. 168. 315 . 360 


Hence 420 is the common Denominator. And 140. 168. 
315 - 360 are the new Numerators, which being placed Frac- 
tionwiſe are 4*2. 753. 1 f 252. the new Fractions required. 

That is, 333=h- 32 3=x* 425=++ and 3282 


Se. 3. To bring mixed NUMBERS into FRACTIONS, and 
the contrary. 


IXED Numbers are brought into improper Fractions 
by the following 
R U. L E. 


Multiply the Integers ar whole Numbers, with the Denomi- 
nator of the given Fraction, and to their Product add the Nume- 
rator, the Sum will be the Numerator of the FraQtion required, 


Example. g by the Rule will become *3. For = 

And, *{-+*=*2 the improper Fraction required. 

Again, 134+ will become *35. For 13x15="35. 

And *3*-+13=*25. And fo for any other as Occaſion requires. 


To find the true Value of any improper Fraction given is 
only the Converſe of this Rule. For if *3=95 as before is 
evident; 


% 
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evident: Then it follows that if 49 be divided by 5, the Quo- 
tient will be 9. And if 206 be divided by 15 it will give 
13*z, Cc. conſequently it follows, That 

it the Numerator of any improper Fraction be divided by its 
Denominator, the Quotient will diſcover the true Value of that 


Fraction. 
EXAMP.ZES. ol 
25 =. And SY =$;5 And *$1==6 3. Or **=34, &e. 
Whes whole Numbers ET, rats 2K it is but 
2 Thus 45 is . 9 is f and 
236 » „,. | 


— 6 


— 


Sect. 4. To ABBREVIATE or REDUCE FRACTIONS into their 
loweſt or leaft Denomination. 


HIS is done, not out of any Neceſſity, but for the more 
convenient managing of ſuch Fractions as are either pro- 
poled in large Terms; or ſwell into ſuch, either by Addition or 
_ otherwiſe : Beſides, tis moſt like an Artiſt to expreſs or ſet down 
all Fractions in the loweſt Terms poſſible ; and to perform that, 
it will be neceſſary to conſider of theſe following Propoſitions. 


Numbers are either PRIME or ComPosED. 


1. APR Number is that which can only be meaſured by 
an Unit. Euclid 7. Def. 11. 

That is, 3. 5. 7. 11. 13. 17. Ec. are faid to be Prime Num- 
bers, becauſe it is not poſſible to divide them into equal Parts 
by any other Number but Unity or 1. 

2. Numbers Prime the one to the other, are ſuch as only an 

— doth meaſure, being their common Meafure. Euclid 7. 
Def.. 12. 
For Inſtance, 7 and 13 are Prime Numbers to each other, 
© becauſe they cannot be divided by any Number but an Unit. 
And 9 and 14 are alſo Prime Numbers to each other, for altho' 
3 will meaſure or divide 9 without leaving a Remainder, yet 3 
will not meaſure 14 without leaving a Remainder : Again, al- 
tho? 2 will meafure 14 without any Remainder, yet 2 will not 
meaſure 9 without leaving a Remainder, c. | 

3. A ComrostD Number is that which ſome certain Num- 
ber meafureth. Euclid 7. Def. 13. 

For Inſtance, 15 is a compoſed Number of 3 and 5. for 
5X 3=15, confequently 3 or 9 juſtly meaſure 15. Alſo 20 

2 1 15 


I Ah. 2 
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is compoſed of 3 and 4, viz. 5X4=20, therefore 5 and 4 will 
each juſtly meaſure 20. a n 

4 Numbers compoſed the one to the other, are they which 
ſome Number being a common Meaſure to them both doth 
meaſure. Euclid Ar * | 

That is, If two or more Numbers can be divided by one and 
the ſame Diviſor; then are thoſe Numbers ſaid to be compoſed 
one to another. 

For Inſtance, 14 and 21 are Numbers the one to 
the other, becauſe they can both be meaſured or divided by 7. 
For 8 Nee Mex. 
fure to 14 and 21. that if £+ were propoſed to be abbre- 
viated, it will become 2. ny 

Thus} 7) © 


7921 = 3 


And how thoſe greateſt common Meaſures may be found, 
comes from Euclid 7. pro. 1. 2 3. and is thus: 


RULE. 


Divide the greater Number by the leſſer, and that Divifor by 
the Remainder (if there be any) and fo on continually until there 
be no Remainder left: Then will this laſt Divifor be the greateſt 
Common Mea ſure (and if it happen to be 1, then are thoſe Num- 
bers Prime Numbers, and are already in their loweſt Terms, 
but if otherwiſe) Divide the Numbers by that laſt Diviſer, and 
their Quotient will be their leaſt Terms required. 


EXAMPLE. 


Let it be required to find the greateſt common Meaſure of 
72 and 108, viz. Of 2885. 
72) 108 (1 
72 


36) 72 (2 Her becauſe there's no Remainder; 
72 36 is the greateſt common Meaſure. 


(0) | 
—_ Hence ;52 is abbreviated 
Therefore, | 36) „ z Tito; the loweſt Terms. 


Again, to find the greateſt common Meaſure of 744 and 899. 
Thus 
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Thus, 744) — * 


— — — 


= 744 (4 


53 


Here 31 » fnteo tech grant commen dMenkaede which 
744 and 899 may 9 abbreviated to 24 and 29 their loweſt Terms. 
34) 7 (=25> Sc. 
Note, If the propoſed Number umbers be even, they may be brought 
Re RE Fe ſo long as they can be 
halved, 2 
XAMPLE. 


| — $$ to its leaſt Terms. 4 
Fuſt, 3) Again 2) 75 (=5 

This done, you may A ty perceive that 7 will be the common 
Meaſure to 1 — 4 VIZ. 4 

If the N propoſed to be reduced have each a Cypher or 
C annexed to them, they will be abbreviated by cutting 
a like Number of Cyphers from both. 
Thus, 352 will be 1g, And 222 will be ?, &c. 
That is, 1351. And 121. Allo {53=14=14= 


——— 


Sect. 5. AppiTION of FRACTIONS. 


Wr is 
to prepare and fit Fractions of different Deno- 
44 as Occaſion requires, 
viz. If they are com Fractions, they muſt be reduced to 
ſimple or pure Fractions, per Rule, Sac. 1. 
If they are of different Denominations, they muſt be altered - 
or changed, per Rule, Set. 2. 
That is, ab Fraiizes muſt be heoughe into eng Danamics- 
tion before they can either be added, or ſubſtracted, and that 
* being done, Addition is thus performed. 


i RULE. 


MM IS — 
= - 
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: RULE. 

Add together all the Numerators, and their Sum will be a 

New Numerator, under which ſubſcribe the common Denomination. 
Ex in SIMPLE FRACTIONS. | 

r Firlt}=33- 3 3. 

Then 81; the Sum required, which according to 
Sedtion 3. is 135. Viz. 188. 
Examples in Compound FRAcrioxs. 
Let it be required to add and of ; into oneSum. Firſt} of Z 
becomes x © or * per Se. 1 And ger Se. 2.) }and$ is x2 and x7, 
= Jangh and gba i3+32=24 the Sum required, wiz, -=; ; | 
- Examples in MixzD NUMBERS. 1 

n to 73. theſe per Se. 3. will be 1 and 
But z and *; will become ? and g per Se. 2. 
Then? 22151374. the Sum 

Or you may bring only the Fractions to one Denomination, 
Thus, 84 ; and 74 will become 55% and 753. 

Then 5534752 +1247 That is, 13z*%. As before. 


e 
— — 


Sect. 6. SUBSTRACTION of FRACTIONS. 


| RULE. 
Die Que one Numerator from the other (according as 


the Queſtion requires) and their Difference will be a new 
umerator, under which ſubſcribe the common Denominater as 
in Addition. 


EXAMPLE 1. 


Let it be required to take ; out of 3. Firſt and 2. 282 
will become 34 and 77. then 27—1 += Ti. that is, I === 3 


EXAMPLE 2. 


"Tis required to ſubſtract 5 of $ from 33. Firſt 5 of f=. per 
Then 1 — 15 and 42 will become 224 and ff per Sed. 2. 
— r. 


EXAMPLE 3. 


From 6* ſubſtract Firſt, 61=*$. and 3Z$="£ Rule 
— 3- Again, 7 „ 23 — * 5 2 
11 12 12221 8288. Firſt, 64=52, 

— bring x and 32 into one Denomination, viz. 7517 and 


34823111. 7 
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Then 5{#7—31$5=2333=244- As before. 
EXAMPLE +4 
rern 
Firſt, 3 of $ of j=533- And 7=64p 
Then 64þ$—; 1c 
If theſe few Examples be well 
of adding and ſubſtrading Vulgar FraQtions will be eaſy; which 


is really much more difficult to perform than either Multiplica- 
tion or Diviſion, as will appear in the next Section. 


————— 


— 


Sea. 7. Of MurTietication of Fractions. 


N order to performeither Multiplication or Diviſion, you muſt 
prepare the Terms to be multiplied (or divided) thus; reduce 
compound Fraction to ſimple ones, per Se. 1. Bring mix'd 
Numbers into improper FraQtions, and expreſs whole Numbers 
Eraction-wiſe, per Sect 3. Alſo it will be convenient to abbre- 
viate them to their fmallcRt Terms when it can be done. Then 


Multiplication may be thus performed. 


RULE. 


Multiply the Numeraters one into another for a new Numera- 


tor; and the Denominators into one another, for a new Denomi- 
nator. As in theſe 


EXAMPLES. 


1. The Product of ; into =- _— 222. 
2. And the Product of 22 into 27221; Or ,3 
3- Again, . 7 ins 8 of $122, Or 55- 
+ Letic een, Thee prepared fo 
4. it de requ to t 3 

the Work will ftand thus. 2c. . N 1 i 
wiz. 6=5 and 321 ="7, Then 2K 22 2. or 20 
Or otherwiſc thus, 6x3=18. —_— 
Then 1$-+2}=20 5. As before 
Let in he requiven Am 74 with 

Firſt 74=6 4 and 5 = eee | 
Now the Reaſon of dh. Rule for ex Ih of Fractions, and 


conſcquently of theſe Operations, and all other 2 by it; 
will be evident * this following. 


Fiz. 
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Viz. H; be with * according to the Rule, their Pro- 
duct will be +2. But *3=8. 

Now $==2. , AND _—_— 


— — —— 


Sea. 8 — of FRAcTIONs. 


Fractions being firſt prepared as before direQed, Di- 
_ viſion may be thus performed : 


RULE. 


Multiply the Numerator of the Dividend into the Denominator 
of the dividing Fractian for a new Numerator: And Multiply 
the other Numerator and Denominator together for a new De- 
nominator. } 


EXAMPLES. 


1. Let g be divided by 5 wiz. F) +7 (7537 the Quotient. 
That is, according to the Rule 6x7=42 the new Numerator, and 
35x3=105, the new Denominator, Sc. as above. 
2. Let it be requir'd to divide 22 by x5. wiz. 45) g (1715. 
For 12<20=240 the new Mameaders, and — the new 
Denominator, &c. as before. 


3- Suppoſe it were required to divide x by 3 of g. 
Furſt, 3 of 5= 


"Fo 

For 2c:=*"2*, and 33=";, Then *7) 2 * 
5. Lt it be required to divide 40 J by 

Firſt, 405 $= $1, and =. Then th cn 

t But *7**2=74 the true Quotient req 
6. Su -pole it were required to divide 1 

Firſt, 15="7. Then 5) *7 (*3= 28. the Quotient. 
-. Again, let it be required to d ivide + by 6. 

Viz. +) 3 A? for the Quotient required. 


N. B. From hence you may obſerve, that when any Whole 
Number is d vided by a Fraction lefs than Unity or 1, he Quo- 
tient will be greater than the Number propos'd to be divided : 
But if any FraQtion be divided by a whole Number, greater 
than 1, then the Quotient will be leſs than the the Dividend: 
A in the two laſt Examples. 


As 


Or Decinial'Fraftions. y 
As to the Reaſon. (or Proof) of this Rule for Frac- 
tion rs oaly the ere that debe and will 
be very eviden t from this following. 
RS ne oe ENG 
thus, 2) 7 ( true intl. Now *; 
+=2. Seat. 3. 8 but the 
cc. 9 
could have inſerted Geometrical Demonſtrations, for 
Rules of Multiplication and Diviſion of Fraftions ; my 
ſing the Learner unacquainted with thoſe Kind of 
monſtrations, I thoug ET EIT NEInS > 
2 bn es FRes. 


— N — — 
CHAP. v. 
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HEN, or by whom, this excellent Invention of Decimal 
Arithmetick 2 is uncertain ; but 
doubtleſs its Improvements, | — > ==, is 

ewing to latter T ears. | : . 


Sect. 1. Of Webers 


Decimal Frafions, the or wabole Thing (whether it 
be Coin, Weight, Meaſure, or Tome, &c.) s ſuppoſed to be 
enided ines Tos oguat Forts 5 and one of thoſe Tex Furt. 
are to be ſubdivided its other Ton equal Parts, Fc. 
ad 1 
The Integer being thus divided {hy Inaginetion) int 20, too, 
1000, 10000, e. wum 
Decimal Fraftions. © 
aas | Om" 
only the Numerators, and thoſe are either diſtinguiſhed, or fe- 
parated from whole Numbers by a Point or a Comme. 
Thus, 5,4 is 3 re. and 0,7 is FN 35,95 B 35 1. Sc: | 
But before we we proceed further in Notation, it will be conve- 
nient for the Learner to conſider the followitg Table, (taken 
out of the learned Mr. Ougbtaed's Clavis Mathematica) which 


ſhews the very Foundation of Decimal Fractions. 
a I | Wheie 


Parts of an Unit, &c. 


| 


wy 
9 


*2 
ue ſnoq. B fo 193+] 
"> 
tang |" | © 


eq. 
"1paypungy v 
; Ju þ, 
, 1414] 
4 » 
1140 


0 1440 > 
f 
fo 1 


4 
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2 * 
100.5 v / 
noq.z 001 Jo 
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— 
= 5 

, Þ 


» 
TY 


By this Table it is evident, that as in whole Numbers or Inte- 
every Degree from the Unit's Place increaſes towards the 
Left-hand by a Ten-fold Proportion : So in Decimal Parts every 
Degree is decreaſed towards the Right-hand by the ſame Pro- 
Therefore Decimal Parts or Frafiions, are really more 
Homogeneal, or agreeing with whole Numbers, than FVulgar 
Fradfiions ; for indeed all plain Numbers are in effect but Decimal 


Parts one to another | 
Numbers, as 444, Ce. 


That is, ſuppoſe any Series of 
The firſt 4 towards the Left is Ten times the Value of the 4 in 
the Middle, and that 4 in the Middle is Ten times the Value of 
the laſt 4 to the Right of it, and butthe Tenth Part of that 4 
on the Left, c. | | | 

Therefore all or any of them may be taken either as Integers, 
or Parts of an Integer . If Integers, then they muſt be ſet down 
without any Comma or ſeparating Point betwixt them thus, 444. 
But if Integers, and one Furt or Frathion, put a Comme betwixt 
them thus, which ſignifies 44 whole Numbers, and 4 Tentbs 
of an Unit. in, if two Places of Parts be required, ſeparate 
them with a Comme thus, 4,44 viz. 4 Units, and 44 bundred 


with the Table) it will be eaſy 
take their Denomination from the 


From hence (duly 
to conceive that Decimal 


Place of their laſt Figure. 


That 6, __ ie} Peri of an Un, &c. 
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Cypher: annexed to Decimal Parts, aller diee hols Fakes 


and ,500, oF 5000, Et. are each but . 
7. e Or 18182 Per Ses. 4. of the 


But 


This _— Parts, of „ Thouſand. 


Parts of Ten Thouſand, &c. 
„ Ter Raa true Value of all Decimal Parts are known 
iſtance from the Units Place ; the which being once 
ro aly underfiond, mum 


— — „* * 


Sect. 2. AppiTION eras of Dxcmars. 


N ſetting down the propoſed Numbers to be added, or ſub- 
ſtrated, great Care muſt be taken in exery Figure di- 
— thoſe of the ſame Value whether they be 
— — 7 

— — T os — 
ae, 


which e Inns 
and to the Right- hand of them carefully place the 
2828 io their reſpective Values, or Diſtances from — 
. as if they were all whole Numbers ; 
bg” their Sum, or Difference, cut off ſo — 
| vere os EEE oy ye geen eee. 
EXAMPLES is AppiT1IOvN. i 


Let nbo coqulon toad GhiIRe Rab f-llpely —_— 
viz. 34-5 +65:3+1 1+95+87,8+7.9, EY wy 


TE 


55 


1 . 


I2 PIII 


| Furt l. hs 

| EXAMPLE I. 

Let it be required to find the Sum of 25,854+34-578+9,075 
713.07. "AS 
259954 


34-578 
9,076 
13,907 


83.415 The Sum 


ired. 


requi 
When the Parts propoſed to be added (or ſubſtract ed 
have not he ame Number of Pace, may for convenience 
of or fill up the void Places, | by annexing Cy- 
phers. 12 Examples. 

2 3. EXAMPLE4A EXAMPLE 5, 
45,0700 $74-678953 0,975642 
50,7580 952796430 2745257 

123,005 7  76,054600 5000598 
7437020 54789000 800700 
24.8000 B,go0000 |, 0s 

38,3357 Sum $12,218983 35162727 


P EXAMPLES M SussTRACTION. 


Let it bebequired to find the Difference between 45,375 and 
749284. 
EXAMPLE nr. EXAMPLE 2. EXAMPLE ;. 


That is, From 74,284 F _ 437,5 From 75,0034 
Take 43,375 ake 89,65) Take 37,875 
Remains 28,909 347-843 17,1284 


EXAMPLE 4. 
Letit be required to find the Exceſs between 562 and 93,5784. 


EXAMPLE TI EXAMPLE 5. 
Thy i is, From $62, From 3457578 
Take 93,5784 Take 157 
The Exceſs 468, 4216 188,7578 
Note, The two laſt Examples are ſuppoſed to be ſupplied witli ; 
Cyphers, which if actually done would ſtand thus. 
562, 000 1 345.7578 
| —_—- 1570000 | 
„ Remgins 468,4216 As before, 156,778 
da | EXAMPLE 


"oy 
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EXAMPLES. _ EXAMPLE 1. 


From 0,547893 From 1,000000 
Take 0,439758 Take 0997543 


o, 108138 0,002457 
The Proof of Addition and Subſtraftion in Decimals, is the 


ſame with that of whole Numbers, Page 13, &c. 


— 


"I 
—_— — 


9 *s 
9 


2 


SeQ. 3. MULTIPLICATION of DzctMars. 


THER the FaQtors or Numbers to be multiplied 
WV. pure Decimals, or mixed. —y them as if 


they were all whole Number, and for the true Value of their 
Product obſerve this 
Cut off (viz. ſeparate with a Comma) ſo many Places 


Rule. J of Decimal Parts in the radu, as there are in both 


the Factors accounted together. As in 
EXAMPEE rt. EXAMPLE 2. 
3024 32,12 
2323 | 2493 
9072 9636 
6048 12848 -Þ 
6048 | 6424 


A 


780,516 
2 Sando ag Pow aniths 
may be eafily deduced from theſe Ex- 


_ Thus, 

In e 1. It is evident, that 3, the whole Number in 
the Multiplicand, being multiplied with 2, the whole Number 
in the Multiplier; can produce but 6 viz. 3X2=6). So that 
of Neceſſity all the other Figures in the Product muſt be Decimal 


Parts; according as the Rule direQs. 


Or, the Rule is evident from the Multiplication of whole Num- 
bers only: Thus, ſuppoſe 3000 were to be multiplied with 200, 
their Product will be 600000; That is, there will be ſo 
Cyphers in the Product, as are in both the Factors, (Fide page 
18). Now if, inſtead of thoſe Cyphers in the Factors, we fup- 
poſe the like Number of Decimal Parts; then it follows, that 
there ought to be the fame Number of Decimal Parts in the Pro- 
duct, as there were Cyphers in the Factors. 


Again the Rule may be otherwiſe made evident from 


_ Vulgar Fractions, thus: — ww. 
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and their Product will be — 1 hoon. 
2, 12232753 and = which being brought into 

prope Fro — page 501) will become — 

Then "735 x is =" 1555 *- Mr Sed. 7. page 55- 

But "2396" ofs. viz. 730,516, as. before. 


| of theſe three W do, I preſume, ſufficiently 
the fut of the aboveſa'd Rule, c. „ 


EXAMPLE 3. EXAMPLE 4 
78,546 $745 
435 0075 
471276 28725 
235638 40215 
314184 . . 34470 


34246,056 387,7875 | * 


N. B. It ſometimes out in multiplying Parts with Parts, 
#hat there will not be ſo many in the Produdt, as there ought 
4 be Placesof Decimal Parts by the Rule: In that Caſe you muſt 


Supply their Defed? by prefixing Cypbers to the Produtt, as in theſe = 
Examples. 


EXAMPLE «. EXAMPLE G6 
52365 0347 
22435 036 
11825 | 2082 
7095 1041 
9460 694 
4730 —— 
— ooo 1892 
05758775 6 


When any propoſed Number of Decimals is to be multiplied 
with 10. 100. 1000 . 10000, Cc. It is only removing the ſe- 
pany ore Grin s towards the 


| plicand, fo many | 
ght-hand, as there are Cyphers in the Multiplier. 
Thus, ,57#>x10=5,78. And ,;78x100=57,8. 
Again, ,5781-00=578.0r, ,578x1000=5 7b0. . 


| « 


2 Of Decimal Frackons. 6 


Theſe Things conſidered, it will be 
Decimals, —— a T2 


following Examples. 


multiplied into 0,578 will produce 12.976368 

into 53.4246 will produce 41,52151578 
0,56379x0,05574=0,0322731446 

0,03 246x0,02364—0,000767 2534 
 $7649:c0,03687=—=3231,61863 

94,35786x6,57869g=62>,7511100034 

3,415 92X52,7438=105,0995001296 


Now it oftentims that it wilt be needleſs to expreſs 
all the Figures of the a 2 when the 
Factors have each of them many Places of Decimal Parts, as in 


the t wo laſt Examples) only ſo many of them as may ſuffice for 
the intended Deſign ; and yet the Product may be as true to fo 


Figur as are retained, as if the Factors had been multi- 
at large. And ſuch Contractions are not 
— but may alſo be found of great Eaſe and Uſe 
to the 1 Practitioner; in reſolving adtected 
or in calculating of ical Problems by 
rr All which may be thus 


Viz. Set the Unit's Place of the Multiplier diredly underneath 
that Figure of the Multiplicand, whoſe Place you intend te 
the Product; and place all the other Figure the Multiplier in a 
quite contrary Order to the uſual N ay. in multiplying al- 

ways begin at that Figure of the Multiplicand which flands over 
the Figure you are then a multiplying, ſetting down the 
firſt Figure of each particular Produf?, directly underneath one 
another; yet berein you muſt mode Riged to the Increaſe 
which wauld ariſe out of the two next Figures to the Right-l and 
of that Figure in the Multiplicand which you then begin with. 


ZXSMPLE f 
1 with h S155 and 
retained in the 


Numbers were to be multiplied at large 
muſt in a direct Order as uſual. 7 


n- Hg Eb ten Places of Parts, 
34988 as in the laſt Example. 


E 


But 


— Pen L. Ch. 5 


to have only four Places 6f thoſe Parts 
down as before directed, and they will 


143592 The Multiplicand placed as before. 
1 The Multiplier in a reverſe Order. 
The Product with 5, e had to 5 tinns 2. 
The Product with 2, increaſed with gx2. 
Product with 7, increaſed with 5x7-+9<7. 
Product with 4, increafed with — 
Product with 3, inereaſed with 4 
Pradud with 8, * increaſed with 48-18. 


165,6995 The true Product as was required. 


The Reaſon of this Contraction is very obvious from the 
whole Operation wrought at large. * 
3-141592 
5297438 


251132736 


From bence it is evident, that all the Fi- 


94124776 in the Square to the Rigbt-band, are 
725616368 omitted in the ontraction; and 
2 1998 144 — — e pain th 

2831184 | there; conjequent!y t ons ing t 
15707 Multiplier in a reverſe Order, muſt needs 

| appear very plain. 
1556968o01 2g 
EXAMPLE 3- 


' required to multiply 257 with 
and 10 have only —— of 2 * 


257,356 
24 | The = 


The chiefeſt Care and Difficulty that attends theſe Contrac« 
tions, is the true ſetting down of the Unit's Plate in the Mul- 
tiplier underneath the Figure of the Muktiplicas:!, ac- 
cording to the Product. | 


— b „ a 
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_ Fiz. In Example 1. It was required to have four. Places of 
men pb; ed therefore the Unit's Place of the 
Multiplier was fet under the fourth Place of Decimals in the 
Multiplicand : And in Example 2, becauſe it was required to 


have an entire Product of Integers only ; therefore the Unit's 
was ſet under the Unit's Place of the 


— I ſay, bei 9 
Mulultiplicand. » being once 
oil enter he Mate ety Practice. 


3 


— —_— — 


Sect. 4 Divisiox of Dzciuais. 


IVISION is accounted the moſt difficult Part of Decimal 
Arithmetick: In order therefore to make it plain and eaſy, 
it will be convenient to reſume what has been ſaid in page 25. 


The Figure is always of the ſame Value or De- 
Viz. here Wi 


Si of the Dividend, under which the 
Unit's Place of its Preautt flands, 


As for Inſtance, Let 294 be divided by 4. 


| This is not 7 but 70, becauſe the Unit's 
4) 294 (7 Place of 42<7 ſtands under the Tens Place 
2 ot the Dividend. 


14 (3 But this is only 3. 
12 
Remains (2) Hence 732 is the Quotient. 
Now it to the Remainder 2 there be annexed a Cypher 
2,0) and then divided on, it muſt needs follow that the 
Place of the Product arifing from the Diviſor into the Quotient, 
will ſtand under the annexed Cypher; conſequently the Quo- 
tient Figure will be of the ſame Value or Degree with the Place 
ot that Cypher: But that is the next below the Unit's Place, 


therefore the Quotient Figure is of the next Degree or Place be- 
low Unity; That is, in the firſt Place of Decunal Parts. 


Thus 4) 2,0 C 


So that 4) 2940 (73,5 the true 
This being weil unde 
the various Cafes) be catily 
be rendered plain and 
— Is DIY as in page 2. 


K Vu. 


However, that 2 


Quotient required. 
ritood; Diviſion of Decimals may (in al! 
performed. 
eaſy even to the meaneſt * 


—  —- -— CGG oo — —— — — 5 —— X SA, _—— ——— 


| — ben WET. 


8.45) 295,75 (35 
285 
42 25 
42 25 
(o) 


Caſe a. When the Places of Parts in the Dividend exceed thoſe 
in the Diviſor; cut off the Exceſs for Decimal Parts in the Quo- 
tient. As in theſe Examples. 


24,3) 780,516 (32,2 


Cafe 3. When 9 — many Floces of Puts ip'te 
Dividend, as are in the Diviſor; annex Cyphers to the Dividend 
to make them. equal. Thea will the Quotient be whole Num- 


EXAMPLES. 


— 


© v 


or Decimal Frifticns. | 857 

EXAMPLES. 

| Letirherequrd divide 199, by fett and ag bo 75 
7-684) 192,200 (25 57875) 443-0000. {560 

| 153 68 23993 75 


38 420 47 250 
38 420 47 250 


o 6h 

Caſe 4. H after Divifion is fimſhed, there are not ſo many Fi- 
gures in the Quotient, as there ought to be Placesof Parts by the 

general Roles ſupply their deteQt by prefixing Cyphers 10 it. 


EXAMPLES. 


Let it be required to divide 7.25406 by 957- 
957) 78 (00758 the true Qyotient required. 
- $550 Again 2575) -0007475 (-0013 
4785 575 
| 27265 
7656 „ 
(0) (0) 


Nate, When Decimal Numbers are to be divided by 10. 100. 
„ Ie. (pn. Gn Be NT ib ah Wed 
Cyphers; Diviſion is performed by removing or placing the ſe- 

ting Point in the Dividend, fo many Places towards the 
-hand, as there are Cyphers in the Diviſor. 


EXAMPEE. | 
10) 5784 (578,4 100) 578,4 (57,84 
1009) 5784 (5,734 10000) 578,4 (8784 


Theſe Operations are the direct Cunver ſe ts thoſe in page 62. 


I preſume it needleſs to give more Examples at - only I 
D n 


wherein are contained all the Varieties that can happen in Di- 
viſion of Decimals. 


574) 493,066 (859 5,74) 49,3966 (8,59 
574) 493,066 (859 5,74) 493066,00 (35900 
574) 49,3066 (,o859 ,0574) 493-0666 ($590 
$,74) 4930, 66 (859 K * 493966 (8,59 


There 
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There is alſo a c Way of contraQting Diviſion, 
| like that of M ation, Sage 64, by which much Labour 
be ſaved ; y when the Diviſor hath many Places 
Parts in it: And it is thus 

Having determined how many Places of whole Numbers there 
will be in the Quotient, if any at all; or if none, of what Value 
or Place the firſt Figure in the Quotient will be : Then omit, 
Me Coons Ar the Divi'or at each Operation ; viz. 
1 you place in the Quotient, off one in 

the Diviſor ; le toe Begead to the Invcagte which would 
ariſe from the Figure ſo omitted. 


" EXAMPLE. 
Let it be required to divide 70, 23 by 79863. 
The Work contracted-. The ſame at Length. 


, 


7,9963) 7 70 — (8,7938 || 7.9863) 70,2300 (8,7938 
63 39ce 63 99924 
6 3390 6 3396|0 
2 1 5 5904 1 
4 7491000 
H . 7187107 
305 3041230 
239 | — 
66 24.0 
64 %* _ e 
"a1  of7506 


The Work gpontracted I pre ſume js fo obvious (if d 
with the ſame at large) tar it i nels wo gn any anther 
Explanation of it. 


of 


——— 


| 
| 
| 


SQ. 5 5. To Reduce Vurcar Fractions into DEciMals, 
and the contrary. | 


NY Vulgar FraQtion being it may be reduced, or — 
ther changed into Decimal ow equivalent to it. Thus, 
hs Annex Cypbers to the — and then divide it by 
Rule 


the Denominator, the ient will be the Decimal Parts 
equivalent to the given Fraftion ; or at leaft ſo near it as 
r 

EXAMPLE. 
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EXAMPLE. 
It is required to change or reduce 1 into Decimals. 
bree 


Suppoſe it were required to change ; into 
VE rar) 40000000000 (,5714285714 Cc. = | 

Note, When the laſt Figure ot the Diviſor, (that is, the De- 

— of fe CCI TE 


12, 
Again 281 this f. f 4 9) 1,90(25 
* 


13) 1,0000 (,07692307692307 H. ad ee, 
9 ** 

90 That is, 0,07692307692307=:"7 fers. 
7 

120 And from hence it may be farther 
obſerved, that in theſe imperſect Quo- 
tients, the Figures do returnagain and 
— 1. in the ſame Order as beſore: 
as you may eaſily perceive begin 
28 the ſeventh Place of both 
theſe laſt Examples. 
10 

&c. As at firſt. 

Theſe being underſtood, it will be eaſy to find the Decimal 
Parts equivalent to any known Part or Parts of Coin, Weights, 
Nleaſures, Time, c. If you firſt reduce the given Parts of Coin, 


c. into a Vulgar Fraction, whoſe Denominator is the Number 


of thoſe known Parts contained in the Integer, and the gwen 
Parts its Numerator. 


Examples in Coin, &c. | 
4 Let it be required to find the Decimals of | 16s. 6d. Firſt 
=—2£$ of one Pound, and Gd. Ig of 11. 


14+ #;=33. Then 40) 33,000 bag the Decimal Parts 


| OT, That is, 825=16s. 6d. 


Again, Suppoſe it were required to find the Decimals equal 
* 335.46 Here 


Arithmetick: Part I. Ch. 5. 


is 3 Integers, and 13.21 of 1. and 44 Bur 
= 37. Then 240) $35,000 (0,60668 Be: "Rene 


Sc. As was 
Decimal equal ts 754 Inches, one Foot being 


7 of 1 Foot, and g of 1 Inch are 4. But 
ii. Then 48) 1,000 (,64583 Sc. 7 Inches. 
. re 8 Grains into 
— one Found Troy being the Integer 
reduced into the l-aft Terms, 2 added together, 
will 2 2= of x Pound. 
Then 5760) 4304, 000 (,74722 &c. The Decimals 
And thus may any propoſed Parts of Coin, Weiches, Mea- 
ſures, c. be reduced or changed into Decimal Parts; which 
perhaps may at firſt ſeem ſomewhat tedious in Practice, but be- 
ing 2 little acquaintcd with them it will be found very eaſy; and 
the 32 — will (with a little Conſideration] ſoon 
find how to reduce them almoſt mentally ; or with the Help of a 
very few Figures, without the Uſe of fuch large Tables as are 
uſually inſerted in Books of Decimal Arithmetick ; or at moſt 
they may be contracted into ſuch as theſe following, which, if 


duly applied tothoſe Tables in Chap. 3. will be found very uſeful, 


Decimal Tables. 
+: Engliſn Coin. Averdupois Weight. 
SOC. ooo = 0,0625 .... = 1 Ounce. 
0,00416666 = 1d. | 000390625 = 1 Dram. 
0,00104167 = 1 Farthing. 15. being the leger. 
14. being the Integer. 
Troy Weight. Hwerdupois Great Wight. 
0,03. ... - = 1 Pat. 110,232 21. 
0,00208333 = 1 Grain. 0,00892857 = 11h. 
x Ox. being the Integer. 0,00055803 =1 Ounce. 
| 2 hoing the Ange: 
Apotbecaries Wii Time. 
0,128 2 4 o, 04166666 = 1 Hour. 
. 4166566 = 1 Scr. 0,00069444 = 1 Minute. 
| . | 0,00208333 = 1 Grain. | ©,00001157 = 1 Second. 
| Oz. being the Integer. 1 Day, or 24 Hours, being 
, | | the Integer. 


* 


— — — kat 
* 


The Uſe of theſe Tables will be evident by the following 
| EXAMPLE. 


—— — — 


3 


” 
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55 EXAMPLE. 
"Let it be required to find the Decimal Parts equivalent to 
x75. gd. 2 Fartbings. | 
D 
And 004166 ,004106x9=,037 

23 Alſo 2),004166(=,00208 3 = 4. 

C their Sum, wiz. 0,889577=175. 

No to find the Value of Decimals in known Parts of Coin 
or Weights, &c. is only the Converſe of the former Work, 
and is thus performed. 


_ 
— 
TY 


7 2 


Multiply the given Decimals with the Denominator of the 


Vulgar Fraction required: That is multiply the Decimals with 
ſuch a Number of Units as are contained in the next lower De- 
nomination of that Kind or Species which your Decimal is of; 
and the Product will be the Number required. 
EXAMPLE 
1. What is the Value of 0,825 Decimals of 1 Pound Y 
That is, how many Shillings, Pence, Sc. = ,825. Firſt, the 
next lower Denommation is 20, becauſe 20s. make one Pound. 
Therefore 0,825 
20 


— — — — 


Shillings , 16,500 and Parts of 1 Shilling, 
12 


| Pence 6,000 * Anſwer 0,825 = 16s. 6%. 
ECE ̃ a 
Here the 3 Integers are 3 Pounds. Then „666666 


20 
Shilling 23125 
2 
Anfwer 3.666666 = 3). 13s. 44 666640 
13332 
Pence 3, near. 
What is the Value of 0,74722 Parts of 1 Troy. i 
Firſt, ,74722 Then, ,96664 Again, ,332% 
| 12 20 26 
13312 
6 656 
| 7,98720 
very ncar. 


And 


* 


1 — — — — a 


* 


Q | 

And thus any Number of Decimals may be turned or 
changed into the known Parts of what they repreſent. viz. Whe- 
ther they be Parts of Coin, Weights, Meaſures, or Time, &c. 

I have omitted inſerting more Examples of this Kind, becaute 
I take the Excellency and indeed the chief Uſe of Decimal Frac- 
tions to conſiſt more in Geometrical ions than in the 
common or practical Parts of Arithmetick as will appear further 
on; although even in thoſe they are very uſeful upon feveral 
Accounts; eſpecially in the Computations of Intereſt and An- 
nuities, fc. But of that more in it's proper Place. I ſhall 
therefore conclude this er with a Remark or two upon the 
Nature and Properties of Fractions in general. 

If any given Number (whether it be whole or mixed) be 
ied with a Fraction either Vulgar or Decimal, the Pro- 
duct will de leſs than the Multiplicand, in ſuch a Proportion as 
the multiplying Fraction is leſs than an Unit or 1. 

That is; as the Denominator of the Fraftion is to its Numera- 
tor, fo will the given Number be to the Produdt. 

Therefore, whenever any Number is to be multiplied with a 
Fraction, whoſe Numerator is an Unit: Divide that Number 
by the Denominator of the Fraction, and the Quotient will be 
the Product required. Thus 12 X 3. Andiz 423. 
in, 12X&=6. And 12=2=6, Se. 
rom hence it follows, that if any Number be divided by a 
Fraction, the Quotient will be greater than the Dividend, by 
ſuch a Proportion as Unity is greater than the dividing Fraction. 

Thus 12 —£= 48, viz. : 1:: 12: 48, Sc. But the Truth 
of theſe will be beſt underſtood after the next Chapter. 


— — 


CHAP. VL 


of Conrinusp Mü few to change or vary 

See. 1. ing Arithmetical uſually called 

Wr of Nutnbers do either increaſe 

or decreaſe by an equal Interval or common Difference; 

thoſe Numbers are faid to be in Arithmetieal Progreflion. 
. | 


As 


If any three Numbers be in arithmetical Progreſſion, the Sum 
of the two Extreams fo EE will be equal to 
8 


Or 4 75 11. 
And 3+11=7-+7, &c. 


Lemma 2. | 
If any four Numbers are in arithmetical the Sum 
7 N 
As in theſe. 2. 4.6. 8. Or 3 6. 9. 12. 
Viz. bor . And 3+12=b-+9, Ve. 


From two Lemma it is eaſy to conceive, that if never ſo 
many N. be in.arithmetical Progr the Sum of the two 


Extreams will be epi? to the Sum of any ters Means, at are 
era din fron he Etro 
8.10 12 14. 16. 


Then See 
S e Teems be odd s. 
2. 4 6. 8. 10 12. 14. 16. 18 C. 


Then 2+18=4-+16=6+14=8+12=10+10. 


As in theſe, 1. 3. 2 7 8 11 13. 16 37, Ce. 

__ Here the being two, it will be 
I+2=3- 3-FR=5$- 2 i!. H-+2=13- 
13 2=15. 15-+2=17, &c. 


- Carallary 2, 

Hence it is evident, that the Di betwixt | the two Ex- 
treams (vit. 1 and 17) is of the common Differensr 
multiplied inte the Number of all the Terms, excepting the frft. 

n. 15.17. 


L rue 


1 
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neee Multi 
The common Difference is 2 3 iply 
The Difference betwixt the two Extreams 16. 

Propoſetion 1. 


ln any Series of Numbers in arithmetical Progreſſion, the tuo 


Extreams, and the Number of Terms being given, thence to 
find the Sum of all the Series. 

Multiply the Sum of the two Extreams into the 
T: FIX; all the Terms; and divide the Produ# 


by 2. Quotient will be the Sum of all that 
Series, Per Cordl. 1. 


| EXAMPLE »«. 
It is required to find the Number of all the Strokes a Clock 
ſtrikes in one whole Revolution of the Index, viz. twelve Hours. 
Here 1-+12=13 the Sum of the two Extreams. 
12 the Number of all the Terms. 


26 
13 


Then 2) 156 (78. The Number of Strokes required. 
EXAMPLE 2. 

Suppoſe one Hundred 
Yard diſtant from one another, and the firſt Egg were a Yard 
from a Baſket ; whether or no may a Man gather up theſe 100 
Eggs ſingly one after another, ſtill returning with every Egg to 
the Baſket and putting it in, before another Man can run tour 
Miles. That is, which will run the greater Number of Yards? 

In this Queſtion 200+2=202 Is the Sum of the two Fxtr. 

And 


too Is the Num. of all the Terms. 

— The Number of 

Then 2) 20200 (10100 1 Yards he runs that 
takes up the Eggs. 


Now 4 Miles=7040 Yards f The Yards he runs that takes up 
But 10100—7040=3060 the Eggs, more than the other. 
fition 2. 
In any Series of Numbers in arithmetical Progreſſion, the two 
Extreams and Number of Terms being given; thence to find 
the common Difference of all the Terms in that Series. 


The Difference betwixt the two Extreams, being 

Th divided by the Number of Terms leſs an Unit ar 
- nds | { © Quotient will be the common Dieren 
es. Per Carol. 2. : 


Eggs were placed in a Right-Line a 


EXAMPLE 
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EXAMPLE 1. 


One had Twelve Children that differed alike in all their 
Ages ; the youngeſt was nine Years old, the eldeſt was thirty- 
ſix and an half; What was the Difference of their Ages, and 
the Age of each? | | 
Here 36,5—9=27,5 The Difference of the two Exreams. 

And 12—1 211 The Number of Terms lefs an Unit. 

Then 11) 27,5 (2,5 The common Difference required. 
Conſequently 9-{-2,5=11,5 The Age of the youngeſt but one. 
And 11,5-{-2,5=14 The Age of the youngeſt but two. And fo on 
for the reſt. Per Corol. 2. | 


EXAMPLE 2. 


A Debt is to be diſcharged at eleven ſeveral Payments to be 
made in arithmetical Progreſſion. The firſt Payment to be 
Twelve Pounds Ten Shillings, and the laſt to be Sixty-three 
Pounds. What is the whole Debt, and what muſt each Pay- 
ment be ? 

Per Theorem 1. Find the whole Debt thus : 
12,5-|63=75,5 The Sum of the Extreams. 
11 The Number of Terms. 
755 
755 


2) $30,5 (415,25=4154, 5s. The whole Debt. 
Then, per Theorem 2. find the common Difference of each 
Payment. 

Thus 63—12,5.=50,5 The Difference of the Extreams. 

And 11—1=10 The Number of Terms leſs 1. 

Then 10) $9,5 C Is. mw common Difference. 
4. J. 


4. 0 
was: war b 10-|-5 . 1=17 . 11: The ſecond Payment. 
„ * 

And 17 . 11486 . 1=22 12 The third Payment, &c. 
. EXAMPLE z. 


may be twenty-nine Miles; what will each Day's y be, 
. he goes to diſtant * 
2 
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Firſt The Difference of the Extreams. 
And 4 1019 The Number of Terms - leis 1. 
ind bob 1 rs fend Day s Journey. 
. 
treams. 
* The Number of Terms. 


2) 310 (155 The Diſtance required. 


There are eighteen Theorems more relating to Queſtions in 
arithmetical Progreſſion; but becauſe they would require a great 
many Words to ſhew the Reaſon of them : — = he 
Reader to the Second Part, viz. That of Algebra, where he may 
find their analytical Inveſtigation. 


. 
—— 


Sect. 2. Concerning GEOMETRICAL PROPORTION conti- 
 nued ; ſometimes called GxoMETRICAL PROGRESSION. 


HEN a Rank or Series of Numbers do either increaſe 
by one common Multiplicator, or decreaſe by one com- 
mon Diviſor; Thoſe Numbers are ſaid to be in Geometrical 
N 


As {2 -4>S 32 . Cc. here 2 is the common Multiplier. 

64. 32 15 3 4 - Cc. here 2 is the common Diviſor. 

oO: $2: 6.18.54. 162. Cc. here 3 is the common Multiplier. 
| 162. 54.18. 6. 2. here 3 is the common Diviſor. 


Nate, The common Multiplier (or Diviſor) is called the Ratio; 
and it ſhews the Habi or Relation the Numbers have to one 
another, viz. whether are Double, Triple, Quadruple, &c. 
which Euclid thus defines. 
Ratio {or Rate) is the mutual Habitude or Rei pect of two Mag- 
nitudes (conſe eee 

according to "om Euc. 5 - 
1 — eekeS is s Sumilitude of Ratios. 

Re en embed than three Terms to form a Pro- 
— ge. roomy og | erg s; and if but three Terms, the 

ond muſt 619 = | - 5: delentebband 
That is, 2:4::4:8.(of:: ſee page 5) 

Here a the Place of two Terms, 
© wh, of ie rand and third ; „ ſame Reaſon, 
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Likeneſs, or Proportion to 4. As 4 doth to 2, viz. As 2 : is to 
4 :: 80 is 4: tos. 


Lemma 1. 


If three Numbers are proportional, the Rectangle or Product 
of the two Extreams, viz. of the firſt and laſt Terms, will be 
No ect oye (20 Eucl. 7.) 

: 4 : 8. Here 8X2=16 the Product of 


And 4X4=16 the Square of the Mean. Ergo 8X2=4X4. 
Corel. 1. 3 


Hence it follows, that if the Product of any two Numbers 
be equal to the Square of a third Number; thoſe three Num- 


bers will be in proportion. 
Fey | Lemma 2. 


the Product of the two 
equal to the Product of the two Means (19 


:$ : 16. Here 16x2=32. 
2 Conſequently 16x2=$x4. 


. Corel. 2. 


"ogy LN. 
bers, be equal to the Produtt of any other two Numbers, thee four 
Numbers are Proportionals. 

And from theſe two Lemma's it will be eaſy to conceive, that 
if never ſo many Numbers are in continued Proportion; the 
Product of the two Extreams, will be equal to the Product of 
any two Means, that are equally diſtant the Extreams. 


As in theſe 2.4.8. 16 . 32 . 64. Ce. | 
2 b4x2=32x4=10x8, Sc. And Ras of Sun 


As in theſe 2 4. 8 16 32 . 128. Ec. 
Then 128x2=64X4=32x8=16x16. | 


Note, The Charafler made uſe of to fignify continued Propor- 


Ws 
In 


0 2 P 
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In every Series of r (viz. of continued Proportionals) that 
Number which is compared to another, is called the Antecedent 
of the Ratio; and that Number to which it in compared, | is 
called its Conſequent. | 

As in theſe, 2:4::4:8. Here 2 is the Antecedent, and 
4 is the Confequent ; and 4 the middle 'Term is an Antecedent 
to 8 its Conſequent : whence it follows, that in every Series of 
-i all the middle Terms between the firſt and laſt are both An- 
tecedents and Conſequents. 

As in theſe, 2.4.8. 16. 32 . 64 Cc. Here 4. 8. 16. 32. 
are beth Confequents and Antecedents. | 

For 2:4::4:8::8:16::16: 32: : 32: 64 &c. 

So that all the Termaggcept the laſt are Antecedents. And 
all the Terms except the firſt are Conſequents. 


| Lemma 3. 


If never ſo many Numbers are proportional, it will be : As 
any one of the Antecedents is to its Conſequent; So will the 
Sum of all the Antecedents be, to the Sum of all the Conſe- 


quents. (12 Euclid 5.) 


'That is, in the foregoing Series. 
: 2--4+8+16+32 : 4+8-+16 6+32-+64. - 

For it is evident, that 4+8-+16+32+64 the Sum of all 
the Conſequents, is double to 2-+4+8+16+32 the Sum of 
all the Antecedents; as 4 is to 2, according to the Ratio, and 
would have been 'I riple, or Quadruple, &c. had the Ratio been 

cr 4, Ec. 

; Nate. In every Series of c the Ratio is found by dividing any 
of the Conſequents by its Antecedent. | 

As in theſe 2:6::6:18::18:54:: 54: 162. 

Here 2) 6 (3 the Ratio. Or 6) 18 (3 Se. 

From the ſecond and third Lemma's may be raiſed two gene- 
ral Theorems or Rules, for finding the Sum of any Series in = 
without a continued Addition of all the Terms. 

Let the Series 2 . 4 . 8. 16. 32 . 64 . 128. be given, 
to find its Sum. 


Suppoſe z= the Sum of all the Terms. 

Then will z—128= the Sum of all the Antecedents. 
And z—2= the Sum of all the Conſequents. 

But 2: 4: : — 128: z—2 . fer Lemma 3. 
, per Lemma 2. 


Conſequently 


* 


* 
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Conſequently 4 z—2 z=512—4. 
Theorem. ; ——_— length thus, 
From the Product of the ſecond and laſt Terms 


T 32 the Square of the firſt Term, and that 


Remainder being divided by the ſecond Term leſs 
the firſt, will ; give the Sum of all the Series. 
Or if the firſt Term, e common Ratio, and the laſt Term 
be only given, Then, 
Multiply the laſt Term into the Ratio, and from 
Th * — Product ſubſtraf the fi fir Term ; divide that 
Remainder by the Ratio leſs Unity or 1, and it will 
give the 4. of all the Series. 


For 4 z—2 z=512—4. As above. 
Conſequently 2 z—e=256—2 viz. the laſt divided by 2. 


Then == 257 Theorem 2. 


EXAMPLE. 
Let2.6.18.54.162. 486. be the given Series. Here 
2 is the firſt Term: 5 is the Ratio, and 486 the laſt Term. 


But 4$6x3= 1458. And 1458—2=1456. 
Then 3—1=2) 1456 (728 the Sum required. 
That is, 728=2-þ6+1 8-|54-j 162-5486. 


Since in either of theſe Theorems it is required to have the 
laſt Term known (the which in a long Series of. will be very 
tedious to come at by a continued Multiplication ; it will there- 
fore be convenient to ſhew how to obtain either the laſt Term. 
or any other Term, whoſe Place is aſſigned, without producing 
all the Terms. 

In order to that, it will be neceſſary to premiſe the Coherence 
or Similitude that is betwixt Numbers in arithmetical Progreſſion 


and thoſe in geometrical Proportion. 


mon Difference is 1. called Indices or Exponeots, 


If to any Series of Numbers in => when the firſt Term is not 
an Unit or 1, there be aſſigned a Series of Numbers in arithme- 
tical Progreſſion, beginning with an Unit or 1, and whoſe com- 


— 


nene 
Tm 2.4376 f 6 18 te = 


„% Arbnaik. . FutL C 


Then will the Addition or SubſtraQon of any two of thoſe 
Indices (or Numbers in arithmetical e directly cor- 


reſpond with the ProduQ, or Quotient, of reſpective Terms 
in the Series of 


As 3＋4 
That i, | 2 $216=148 the ſeventh Term in <> 


. As 6-+4=10 
Again, * 4+. - 0 the tenth Term in == 


On, 1 KB! Or, E n Sc. 


But if the Series of r begin with an Unit, the Indices muſt 
begin with a Cypher. 


. 0 54 6, Se. 
**. 3 32 16 by” Yo 
r 
in any Series of , it is plain, that any Term whoſe Place or 
Diſtance from the firſt Term is aſſigned, may be ſpeedily ob- 
tained without producing the whole Series. 


EXAMPLE 1. 


A Man bought a Horſe, and was to give a F for the 
firſt Nail, two for the ſecond, four for the third, c. in , the 
Number of Nails was to be 7 in every Shoe, viz. 28 Nails in all. 
What muſt he have paid for the Horſe ? 


10+ 10=20 
on „„ „ 


1 


= is here to be accounted the 28 and laſt Term. Be- 
cauſe the firſt Term in the Series is 1, which doth neither mul- - 


r 134217728 being the Number of Pop © 

paid for the laſt Nail, by it the common Ratio wh F 
the Ea Te l l f. b e ed Som of & the 
Series, per Theorem 2. 


1342 
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13421 7748 


268435456 From this product ſubſtract 1. 
Viz. 268435 456—1=263435455: Then 2—1=1 the Diviſor. 
Conſequently 268435455 is the Sum of all the Series, or Price 
of the Horſe in Farthings, which being brought into Pounds, 


(See page 46) will be 279620). 5s. 34. 39rs. 
EXAMPLE 2. 


A cunning Servant agreed with a Maſter (unſkilled in Num- 
bers) to ſerve him eleven Years without any other Reward for 
his Service but the Produce of one Wheat Corn tor the firſt 
Yearg and that Product to be ſowed the ſecond Year, and fo 
on from Year to Year until the End of the Time, allowing 
the Increaſe to be but in a ten-fold Proportion. 


It is required to find the Sum of the whole Produce. 


Firſt | RE ˙ . 
10 100. 1000. 10000 . 100000 Wheat Corns in 
Then As 4-2 = 

hx 10000X100==1c00000 the 6th Year's Produce. 
And 6-|-5=11 

; 102000GOX100000= 100000000000 the Eleventh or laft 
Year's Produce. 


Then (either by Theorem 1, or 2) the Sum of all the Series 
will be 111111111110 Corns. Now it may be cqnputed from 
Page the Miade and 34, that 7680 W heat Corns, round ahd dry out of 

ot the Ear, will fill a Statute Pint. If fo, 
Then 1680) 111111111110 (14467592 Pints, but 64 Pints 
are contained in a J. 1 

Therefore 64) 14467592 (226056; Buſhels. Suppoſe it to 

be fold for 3 Shilling? the Buſhel ; . 


Then | * 


Shillings 2 2233908“. 876. 45d. A very good Re- 
compence for eleven Vears Service. 


There are ſeveral pretty Qu-ſtions refolved by Numbers in 
1 ann. and by thoſe in which the ingeni- 
ous Learner will eafil perceive hereafter, viz. when we come 
to the Solution of Qettions 8 to Intereſt and Annuities, =— 


62 , Arithmetick. Part I. Ch. 6. 

There is alſo a third Kind of Proportion, called Muſical, 
which being but of little or no common Uſe, I ſhall therefore 
give but a ſhort Account of it. | 

Muſical Proportion or Habitude is, when of three Numbers; 
the firſt hath the {ame Proportion to the third, as the Difference 
between the firſt and ſecond hath to the Difference between the 
fecond and third. | 

As in thele, . 8 . 12 vis. 6: 12 :: 8—6 : 12—8 

Tf there are four Numbers in muſic»t Proportion ; the firſt 
will have the fame Proportion to the tourth, as the Difference 
hetween the firſt and tecond hath to the Difference 3 the 
third and fourth. 

As in theſe 8. 14 - $4. 
Here 8 : 84 :: 14q—8=6: 3 =63. 
That is, 8 : 84 :: 6: 63. 

The Method of finding out Numbers in muſical Proportion, 
is beſt expreſſed by Letters; as ſhall be ſhewed in the algebraic 
Part. 


Se. 3. How to CHANGE or Vary the Order of Things, &c. 


HIS being a Thing not treated of in any common Books 

of Arithmetick (that I have had the Opportunity of peru- 
fing) made me think it would be acceptable to the young 
Learner, to know how oft it is poſſible to vary or change the 
Order or Poſition of any propoſed — 2 of Things. 

As how many ſeveral Changes may be rung upon any pro- 

ed Number of Bells; or how many ſeveral Variations may 

made of any determined Number of Letters, or any other 
Things propofed to be varied. 

The Methed of finding out the Number of Changes is by a con- 
tinued Multiplication of all the Terms in 4 Series of arithmetical 
Progreſfiont, whoſe firſt Term and common Difference is Unity ar 
1. And the laſt Term the Number of Things propoſed to be varied, 
VIZ. IX2X3X4X5X6Xx7, Cc. As will appear from what follows. 


1. If the Things propoſed to be varied are two, they ad- 
mit of a double Poſition (as Order of Place) no more. 


Thus, 3 SS. 4 =2—1X2 
= And i three Things are propoſed tobe varied they may 
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be changed ſix ſeveral Ways, as to their Order of Place, and 
no more. | 

For, beginning with 1, there will be {| 4 
Next, beginning with 2, there will be. 3 
* beginning n a 


Suppoſe four Things are propoſed to be varied; 
Then they will admit of 24 fcveral Changes, as to their Order 


of different Places. 


too $8 
3.2-.4-3 
For beginning the Order with 1 it will be 88 
1.4.2.3 
I Ty 


And for the ſame Reaſon there will be 6 i 
when 2 begins the Order, and as many when 3 and 4 begins the 
Order; which in all is 241X2Xx3x<4. And by this Method 
of proceeding, it may be made evident, that 5 Things admit of 
120 ſeveral Variations or Changes; and 6 Things of 720, Cc. 
As in this following Table. 


The Number | The Manner bow \; The different Changes 
of Things their ſeveral or Variations every 
propeſed to Variations are | one of. the propoſed 

varied. produced. Numbers can admit of 


* 


1 — 
F 


ee 


1 


Z fie ——————— ĩ˖ꝙ—— Ws - ; 


* 
by 
+ 
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Theſe may be thus continued on to any aſſigned Number. 
Suppoſe to 24 the Number of Letters in the Alphabet, which 
will admit of 620448401 7332394 39360000 ſeveral Variations. 
From theſe Computations may be ſtarted ſeveral pretty, and 
indeed, very ſtrange Queſtions. 


EXAMPLES. 


Six Gentlemen, that were travelling, met together by Chance 
at a certain Inn upon the Road, where they were fo pleaſed with 
their Hoſt, and each other's Company, that in a Frolick they 
made a Contract to ſtay at that Place, fo long as they, together 
with their Hoſt, could fit every Day in a different Order or Poſt- 
tion at Dinner ; which by the foregoing Computations will be 
found near 14 Years. For they being made 7 with their Hoſt, 
will admit of 5040 different Poſitions ; but $940 being divided 
by -365z (the — of the Days in one Year) will give 13 
Years and 291 Days. A very pretty Frolick indeed. 

I have been told, that before the Fire of London (which hap- 
pened Anno 1666) there were 12 Bells in St. Mary Le Bow's 
Church in Cheapfide, London. Suppoſe it were required to tell 
how many ſeveral Changes might have been rung upon thoſe 
12 Bells; and at a moderate Computation, how long all thoſe 
Changes would have been ringing but once over. 


Firſt, 142<3x4X5X6x7<8x9X10x11x12=475001600 the Num- 
ber of Changes. 


Then ſuppoſing there might be rung 10 Changes in one Mi- 


nute, viz. 12*10=120 Strokes in a Minute, which is 2 Strokes 


in a Second of Time: Now according to that Rate, there muſt 
be all»wed 47900160 Minutes to ring them once over in all 
their different Changes; viz. 10) 479001600 (47900160. 


ls one Year there is 365 Days, 5 Hours, and 49 Minutes; 


which, being reduced into Minutes, is 525949. 


Then 525949) 47900160 (91 Years, and 26 Days. 


So long would thoſe 12 Bells have been continually ringing 
without any Intermiſſion, before all their different Changes could 
have been truly rung but once over. It is ſtrange, and ſeems al- 


moſt incredible, that a few Things ſhould produce ſuch Varieties. 
But that which ſeems yet more ſtrange and ſurpriſing (yea,even 
impoſſible to thoſe who are not verſed in the Power of Numbers) 
. | | | is, 
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is, that if two Bells more had been added to the aforeſaid 12 
they would have advanced the Number of and conſe- 
_ quently the Time, beyond common Belief. For 14 Bells would 
require (at the fame Rate of ringing as before) about 16575 
Years to ring all their different Changes but once over. 

And if it were poſſible to ring 24 Bells in Changes (and at the 
ſame Rate of 10 Changes in a Minute, which is 2 Strokes in one 
Second) they would require more than 117000000000000000 
Vears to ring them but once over in all their different Changes; 
as may eaſily be computed from the precedent Table. 


— — — — 


CHAP. vn. 


/ PrRororTION * ; commonly called the GoloEx 
ULE. 


2 Dis juxcr, or the Gotpex Rur, is ei- 
ther Direct or Reciprocal, called — And thoſe are 


both Simple and Compound. 


IRECT PROPORTION is, when of four Numbers, the firſt 
r as 
the third doth to the fourth. 
As in theſe 2: 8: 24. 
Conſequently, the greater the sa — is, in reſpect to 
the firſt; the greater will the fourth Term be, in reſpect to 
the third. 7 
; That is, as 8 the ſecond Term, is 4 Times greater than 2 the 
firſt Term: So is 24 the fourth Term, 4 Times greater than 6 
the third Term. | 
Whence it follows, that if four Numbers are in direct Pro- 
portion, the Product of the two Extreams will always be equal 
to the Product of the two Means, as well in Disjunct as in con- 


tinued Proportion; according to Lemma 2. page 77. 


For as 2: 2X4 :: 6: 6X4. Or as 3: 3X5 ::6: 6X5. 
But 2X6X4=2X4XG6. Or 3Xx6X5=3X5X6. 


That is, the Product of the Extreams is equal to that of the 
Again, 


A o 


Means. 


WM; 23 


_" 


— 
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Again, the leſs the ſecond Term is, in reſpe& to Ne firſt ; 


the leſs will the fourth Term be in reſpe& to the 


As in thee 18: 62: 124 
That is, 18: 183 :: 12: 1223. 


But r Viz. os 

Conſequently 2. 8. 6. 24. And 18.6. rz. 4 - are true 
Pg@portionals, per — 2. ge 77. 

From theſe Conſiderations, comes the Invention of finding a 
fourth Number in Proportion to any three given Numbers. 
Whence it is called the Rule of Three. 

For if the ſecond Number multiplied into the third, be equal 
to the firft multiplied into the fourth, it is eaſy to conceive, that 
if the Product of the ſecond and third be divided by the firſt, the 
Quotient muſt needs be the fourth Number. For if that Num- 
ber, which divides another, be multiplied into the Quotient pro- 
duced by that Diviſion, their Product will be equal to the Num- 
ber divided. See page 21. 

As in theſe 2:8::6: 24. Here 8$X6=48=24%2. 

But if 24X2=48, then will 48-2=24. Or 48—24=2. 

Note, Any four Numbers in direct Proportion may be varied 
ſeveral Ways. As in theſe. | 

Viz. f2:8::6: 24. Then 2:6::8: 24. 

And 6: 24::2:8. Or24:6::8: 2. &c. 

T beſe Variations being well under flood, will be of no ſmall Uſe 
in the ſtating of any Queſtion in this Rule of Three. 

When three Numbers are given, and it is required to find a 
fourth Proportional; the greateſt Difficulty (if there be any) will 
be in the right ſtating the Queſtion, or abſtracting the Numbers 
out of the Words in the Queſtion, and placing them down in 
their proper Order. 

Now this will be very eaſy, if it be confidered, that 
always two of the three given Terms, are only ſuppoſed, and aſſign 
or limit the Ratio or Proportion. The third moves the Queſtion; 
and the fourth gives the Anſwer. 


* 


As for Inſtance, if 3 Vards . What 
that imply the Rate; as appears by the Word [if] viz. 


will 6 Yards coſt at the fame Rate or 
Here 3 Yards, and 9 Shillings, are two -«.——. FEED 

Yards coſt 9 Shillings (hen canes the Qualties) What wil 

6 Yards coſt? - 

* 

#8 


* 
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N. B. The Term, which moves the Queſtion, hath generally 
ſome of thoſe Words before it; vis. War wits? How 
MANY? How LoNG ? How Far? or How MU CR &c. 
Then carefully obſerve this, viz.) The r Term im the Sup- 
poſition mutt always be of the fame Kind and Denomination 
with that Term which moves the Queſtion. And the Term 


fought will always be of the ſame Kind and Denomination with 
the ſecond 1. in the Suppoſition. 


yds fbil. yds ſhil. 
Thus | 32922 6: 


I sOcd Hntes cg te extranet ty Ri 
ſeveral Theorems. 


Multiply the fecond and third Term together, 
Theorem 1. \ and divide their Pradud by the firſt Term; the 
Quotient will be the Anſwer required. 


2 


„ 


Then 


Thus 3 . 


becauſe the ſecond Term 
3) 54 (18 Shillings, was Shillings. 
Divide the ſecond Term by the firſt, then multiply 
Theorem 1 the Quotient into the third Term; and their 
„ will be the Anſwer 2 
yds foil. ads fe. 
3890 620 
Thus 3) 9 (=3- Then 3X6=18, as before. 
Divide the third Term by the firſt, then multiply 


Theorem x} the Quotient into the ſecond Term, and their 
Predudt will be the Anſwer. 


ow B 


2 Jil. F. . 
1 922 6 
| un 3) 6 "aA, * FOOEPS as before. 
Here hat all the three Theorems arc true ; but 
the fir/t is moſt Feneral, and uſually practiſed. Yet the two laſt 


may be readily 197 when either the ſecond or third Term 
can be divided b the firſt ; and will be found of fingular Uſe in 


the Rules F. 4. will further 
| of wats as will appear 3 
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Queſt. 2. If 8 Pounds of Tobacco coſt 14 Shillings; what will 


half a hundred Weight (viz. 36 Pounds) coſt at the ſame Rate ? 
Thus 8 15 14%. :: 56 Ib : 44. 185. The Anſwer. 


14 
224 
86 
8) 784 82 180. 
Or thus 8) 56 (=7 14x7=9g8s. as before. 


* 3. If 14 Sbillings will buy 8 Pounds of Tobacco ; how 
will 4 18s. buy after the ſame Rate? 


Stated thus, 14s. : 8 lb. :: 4. 185.=g8s. : —— 
Then g8x8=784. And 14) 784 (56 bb. The Anſwer. 


Queſt. 4. If half a hundred Weight of Tobacco be worth 4/. 
187. he; much may I buy for 14 Shillings at that Rate? 


Stated thus, 4. 18298. : 56 lb. 14. Pp 
Then 56x14=784. And 98) 784 (8 lb. The Anſwer. 


Queſt. 5. Suppoſe 4/. 187. will buy 56 Pounds of Tobacco; 
what will 8 Pounds of the fame Tobacco coſt ? 


This Queſtion is thus ſtated. 86 lb.: ad. 18s.=g85. :: $Ib. ;, 
Then g98x8=784. And 56) 784 (=14s. The Anſwer. 


Note, The three laſt Queſtions are only the ſecond varied, 
being propoſed purely to give an Inftance how any Queſtion in 
this Rule of Three may be varied, according to page 86. 


Queſt. 6. What will three quarters of a Yard of Yelvet coft, 
when the Price of 21 Yards and a half is worth 221. 10s. 6d. 
This Queſtion truly ſtated will ſtand 


Thus, 2145 yards : 22. 10s. 64. :: 4 To the Anſwer. 


Which may be found three ſeveral Ways, viz. by Reduction; 
by Yulgar Fradtions; and by Decimal. 

1. By Reduction. Bring the firſt and third Terms into one 
Denomination, viz. into Quarters, and reduce the ſecond Term 
into its leaſt Denomination, per Sect 4. page 42. 


Thus 21386 Quarters. And 22/4. 10. 6d.=5406 Pence. 
Then 86 ; 5406: : 3 ; 15%. 8434. For 5446x3=16218. 
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And $6) 16218 (=1833534. Then 13353 Pence = 152. 8d. 25+ 
Farthi the Anſwer required. 
2. The ſame Queſtion ated in Fajer Fradliee: will ftand Thus 

266 el : 22 FL=222 :: 3 : Gee Seck. 3. page 50.) Then 
923 x2 I=#203, And e! 's 65, 56. 

*Theſe $285 Parts of a Pound are A we = x org 
a. 1.4, - on with 20, and dividing the i De. 
nominator, 

Thus 4 o 120. And 6880) 108120 (155. 

And there remains 4920. Again 4920X12=59040. 5 

Then 6880) 59040 (84 and 5g, as before. 


3- The fame wrought by Decimal Fractiams will be thus; 
21L==21,5.; 224. 10s. 6d.==22,525, and 2, 75 


21,5 : 22,525 :: 0,75 : tothe Anſwer. 
Then 22,525x0,75= 16,89375 


And 21,5) 16,89375 (0,785 74. = 15s. 8d. 2 far. 375 


Oueſt. 7. If 2C. 3qrs. 216. of Sugar coſt 60. 15. 8d. What 
will 12C. 2grs. coſt at the ſame Rate? 
That is, 2C. 3qrs. 21k : 6. 15s. 8d. :: 12C. 2grs. To what? 


. 20 4 
11 grs. 121 5. 50 gi. 
28 12 28 
88 250 1 400th. 
22 121 


Viz. 308+21=324g, : 1460d.:: 14005: —— 
Then 14601400 22044000. And 329) 2044000 (6a 121d. 
=25. 17s. 84d. the Anſwer required. 


The ſame Queſtion ſtated in Decimals will ſtand 
3 6,0833 :: 12,5: To the Anſwer. 
Then 6,0833X12,5= 7604125 which being divided by 
2,9375 will give 25,8863, Sc. the Anſwer in Decimals, which 
t into Coin, will be 25/1. 175. 83d. as before. 
Note, When the firſt Term is an Unit or 1, "> 
anſwered by Multiplication only. 


Example. Suppoſe I give 5 Shillings 4 Pence for one Ounce 
of Silver, What muſt I pay for 32* Ounces at the fame Rate ? 
That is x Ounce : 55. 44. : 323 Ounces: Tay We. 

Which ; is beſt ſtated thus 1: 11 32, 5: 
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Then 32,53X64=2080d.=80. 13s. 4d. the Anſwer required. 
For 1 ——— multiplies nor divides. 
When the ſecond or third Term is an Unit or 1, then the 
Queſtion is anſwered by Diviſion only. As in this Example. 
If a Silver Tankard weighing 21 coſt 5}. 19s. What 
is that an Ounce ? 


Thus 21 9z. : fl. 197. = 1198s. :: 1: 59. 8d. the Anſwer. 
That is 21) 119 (=5s. 3t=5s. 8d. 


The Proof of all Queſtions in the Rule of Three Direm, may 
be eaſily conceived from what hath been already faid ; viz. 
That the Product of the firſt and fourth Terms, muſt always 
be equal to the Product of the ſecond and third Terms. 

Or otherwiſe, by varying the Queſtion, as in the ſecond, 
third, fourth, and fifth Queſtions. 

I ſhall conclude this Section with inſerting a few Queſtions 
andtheir Anfwere; heviegthais Wark forthe Lecener wFraftice. 

Queſt. 1. What will the Carriage of 17C. 3qrs. 11 come 


to, at the Rate of 7s. the Hundred ? 
Anſwer 6“. 4s. 115d. 


weſt. 2. If 6“. 47. 11d. be paid for the Carriage of 17 C. 
—_— What was paid for the Carriage of 1? 


Queſt. 3. A Grocer bought 3 C. 1 gr. 14th, Weight of Clover, 
at the Rate of 27. 4d. per Pound, and fold 
Whether did he gain or loſe by the Bargain, 

Anſwer he 


. 4. A Draper bought of a Merchant eight Packs of 
8 Pack had four Parcels in it ; and each Parcel con- 
tained ten Pieces; every Piece was twenty-ſix Yards; he gave 
after the Rate of four Pounds fixteen Shillings for 6 Yards. 
313 and what were they worth per 

ard ? 
Anſwo. They came to 66561. And were worth 167. per Yard. 


Queſt. 5. A Merchant bought 436 Yards of Broad Cloth for 
$-. 6d. per Yard; and fold it again for 107. 4d. per Tard. What 
did he gain by the 436 Tard: ; 

Anſwer, he gained 39. 197. 4d. 


2 
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Queſt. ö. eee a Wedgeof Gold, which weighed 
1415. 3oz. 8pw. for 51. 45. es - 4 phe od 


31. per Ounce. 

Duvet 7. What will 17pw. 20 Grains of Silver Plate 
come to, at the Rate of 57. 6d. per Ounce ? 

Queſt. 8. If in four Weeks re 
in one I will 

$30. Gs. laſt at that Rate? 1 18 
Anſw. 6 Years, 47 Days, 2 Hours 24. 
Queſt. 9. What will the one-eigth Part of a Ship be worth, 
wics he helf jo veluador prog ron | 
Anſw. 253). 175. 6d. 


. 10. The Sun is ſaid to perform one entire Revolution, 
(or 360 Degrees)in the Space of 365 Days, 5 Hours, 48 Minutes, 
— Seconds of Time, called a Tropical or Solar Year ; How 
doth it move in one Day? - "as 
Anſw. 59. 8. 19 Cc. 
Que. 11. If g of a Yard of Velvet coſt 2 of a Pound 
What will 7/5 2 Yard coſt of the ſame Velvet at that Rate ? 


Anſw. 25 =15. 4d. 
; Vie Suppoſe 20. and ; of 4 of a Pound Sterling will buy 
ards and 2 of rol of » Yard of H, How much will 3 of a 


ard coſt at that Rate ? 
Anſw. 2:24 of a Pound gr. 41d. 


—_— 


0 


Sed. 2. Of RxcIrROCAL PROPORTION ; uſually called The 
Rule of Three Inverſe. 


Ecirxoc AL PROPORTION is, when of four Numbers the 
third (viz. that which moves the Queſtion) beareth the 
ſame Ratio to the firſt : As the ſecond does to the fourth. 
Therefore, the leſs the third Term is, in reſpect to the firſt ; 
che greater will the fourth Term be, in reſpect to the ſecond. 


EXAMPLE 1. 


If Stern Men can de » Piece of Work in fx Doye; How 
may AUT WTI Inns i>.05 Go Tens ork, at 


Here it is plain that eight Men muſt needs have more Time 


than 16 Men 6 r 
2 


11 


ng to the true Meaning and Deſign of any 
Queſtion in Proportion, Mere requires More, or Leſs requires 
Leſs, the Terms are in Direct Proportion ; as in this laſt Section. 

But if More require Leſs, or Leſs require More { as above) then 
the Terms will be in Reciprocal ton. 

The Manner of placing down the propoſed Terms is the ſame 
in both Rules, viz. The firſt Term in the Suppoſition muſt be 
ot the fame Kind and Denomination with the third Term which 
moves the Queſtion; and the Term ſought muſt be of the ſame 
Kind and Denomination with the ſecond Term in the Suppofi- 


tions As in the two laſt Examples. 
Men Days Men Days 


- Y Example. 16 : 6 :: 8; —— 
Thus, in Engl, 2 :12 : 16: — 
The Queſtion being truly ſtated, obſerve this Theorem. 
Multiply the firſt and ſecond Terms together, and 
Theorem. 1700 the Produtt by the third Term, the Quotient 
will be the Anſwer required. 


Thus in the ſecond Example 12X8=96. 
Then 16) 96 (=6 Days the Anſwer pr 

That is, 16 Men may do the ſame Work in 6 Days as 8 Men 
can do in 12 Days. 

Naw the Reaſon of this Operation (and conſequently of the 
Theorem) is grounded upon this Conſideration ; viz It 3 Men 
Tequire 12 Days to do the Work, it is plain that one Man would 
require 8 Times 12 Days=96 Days to do the fame Work ; but 
if one Man can do it in 96 Days, moſt certain 16 Men can do it 
in one 16th Part of that 'Time. Therefore 96 divided — 16 
will give the Anſwer required, viz. 16) 96 (6 as befare, Oc. 

Quest. 3. Suppoſe 800 Soldiers were beſieged in a Town, and 
their Vi uals were compnted to ſerve them two Months (or 56 
Days) How many of thoſe Soldiers muſt depart the Garriſon, that 
the ſame Victuals may ſerve the remaining Soldiers 5 _— 


Conſequently, 800—320=480 Soldiers that muſt go out of 
the Garriſon, which is the Anſwer required. 
Queſtion 4. A borrowed of his Friend B 250). for fix Months, 
p_ ng to do him the like Kindneſs upon Demand: Some 
ime after B deſires A to lend him 400. the Queſtion is, how 
long B muſt keep the 4000. to be fully ſatisfied for his former 
Kindneſs to 4? 
Thus 2501. : 6 Months : : 4ool. : —— 
6 


400) 1500 (3 Months, 
12 


3 
28 Days in one Month, 


4) 84 (21 Days. Anſw. 3 Months, 21 Days. 
Queſtion 5. If a Penny White Loaf ought to weigh eight 
Ounces Troy Weight, when Wheat is fold for fix Shillings Six- 
Pence the Buſhel, what muſt it weigh when Wheat is fold for 
four Shillings the Buſhel ? 
Thus 67. 6d. =78d. : 80. :: 45.=484. : to the Anfwer. 
8 


48) 624 (13 c. the Anſwer required. 
48 


144 
144 


(0) 
The Proof of this Inverſe Rule is eafily deduced from its Ope- 
rations ; viz. The Product of the firſt and ſecond Terms, muſt 
be equal to the Product of the third and fourth Terms. 

Note, Any Queſtion that falls under this Inverſe Rule or Re- 
eiprocal ion, may be fo ſtated as to have its Terms in 
Direct Proportion; by only changing the Places of the firſt and 
third Terms in the Queſtion, Thus 

Queſtion. 
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PartT. 


Otherwiſe thus, 42 Horſes : ) Weeks : : 18 Horſes : # Weeks. 
Then 18X7=126. And 126+-42=3 Weeks. The Anſwer 
required. 


— —— — cc 


— —— 


Sect. Of Comround PrRoOPORTION ; commonly called 
WF The Double Rule of Three. 


POUND PROPORTION (as it is here meant) is when 

there are five Numbers given to find out a fixth Proportio- 

nal; and this is generally performed by a Double Pofetion; that is, 
by ſtating and working the Queſtion at two Operations, either in 
Dire& or Reciprocal Proportion, according as the Queſtion re- 


ires. 
E33 it is called, The Double Golden Rule, or Double 
Rule of Three. 

The Double Rule Dire& is, when the fixth Term or Num- 
ber ſought, is found by two Operations, both of them in Direct 

ion. 

Example 1. If a Hundred Pounds gain fix Pounds Intereſt in 
twelve Months; how much will three Hundred Pounds gain in 
nine Months at the fame Rate. 


Firſt 1008. : 60 2: 300. : 18/. 


F 
: w | 


12) 162 (13. 10s. The Anſwer required. 


1 ſuppoſe the Learner will eafily conceive the Reaſon of theſe 
:wo Operations. For, firſt it is plain by Dire& Proportion, that 
H 100d. gain 60. in twelve Months, 3000. will gain 18“. in the 
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And by the ſame Rule it is plain, that if 12 Months will 
or give 181. Intereſt for 3000. then g Months muſt needs 
give 131 for the ſame Sum, viz. 3001. 

The Double Rule of Three Inverſe is, when the fixth Term 
or Number ſought is found at two tions (as before). But 
one of them requires an Anſwer in Reciprocal Proportion. 

Queſtion 2. It 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, 
How many Days will 21 Buſhels ſerve 16 Horſes at the fame 
Rate of feeding ? 


| This Se being parted into two Pofitions, the firſt wilt 
us: 


* 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, How many 

will 21 Buſhels ſerve them? 

s is plain that 21 Buſhels will ſerve them longer than 6 
; therefore the firſt Poſition falls in Direct Proportion. 


E 3 
mY . 2 bg 


ns 


6) 168 (28 


That is, CONE 1 21 Buſbel 
will ſerve them 28 Days 


The next Poſition muſt be to find how long the 21 Buſhels 
will ferve 16 Horſes at the fame Rate of feeding: it is plain, 
that 21 Buſhels cannot ſerve 16 Horſes fo many Days as they 
will ſerve 4 Horſes; therefore this ſecond Poſition falls in 


Reciprocal Proportion. 
Hſe By "= : MS. eta 


After the like Manner any Queſtion in the Double Rule of 
n two ſingle Poſitions, if Care be taken 
ſtating them right, a, - — +. oor muſt be 
014 in this Double Rule, where five Numbers are 
a fixth, may more eaſily and readily be anſwered 
— — ; which h both the Direct and 
Inverſe Rules; without conſidering either of them being deduced 
from the ſingle Operations before-going. 
But firſt you muſt carefully note, that in all Queſtions of this 
Nature, three of the five propoſed Terms are „ 
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and and that the other two move the Queſtion. As 
for in Example 1. 

Viz. If 100d. will gain 6/ in 12 Months ; theſe three Terms 
are only ſuppoſed or conditional. Then comes the Queſtion ; 
What will 30o/. gain in nine Months? Now in Order to raiſe 
. Ten 


P 
== 100. In the Suppoſition 
Viz. Let 47 12. Thr Time. of any propoſed 
15 6. 2 | 1 al 
p = 3oo. The Principal. The _ 
And, 2 9. 8 j wherein the Que- 
£=13,5 The Gais. ſtion lies. 


+. , Gp The Product of the two Means divided 
Then F G:: p:"P= | the firſt Ext by 


300 x 6 Which is the 
That is, 100: G6:: 30o : = 18. þ Tat Pare f ce 
100 Queſtion. 
E | Which is the 
Then T: —::e:g Fs Cline of 
Viz. 12:18 ::9: 13,5 the Queſtion. 


That is, the Product of the Extreams is equal te 
Ergo = that of the Means. * 


Conſequently, TgP = Gpt is the Theorem. 


'This Theorem affords two Rules, by which all Queſtions in 
this Double Rule of Three, or rather of five Numbers, may 
be reſolved ; due Regard being had to the true placing down 
of the propoſed Terms, which muſt be thus : 

Always place the three conditional Terms in this Order ; let 
that Number which is the principal Cauſe of Gain, Loſs, or 
Action, Cc. (viz. P.) be put in "in the firſt Place; that Number 
which denotes the Space of Time, or Diſtance of Place, Sc. 
(viz. T.) be put in the ſecond Place. And that Number which 
is the Gain, Loſs, or Action, c. (viz. G.) be put in the third 
Place. Now according to theſe Directions, the conditional 
Terms of the laſt Queſtion will ſtand thus; P. T. G. 

That done, place the other two Terms which move the 

underneath thoſe of the fame Name, 


Thus, a TY 
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Then if the Blank or Term bought. bil under the third Place, 
as in this Queſtion, 
It will be t. Which gives this Rule. 
Multiply the three laſt Terms together for a Divi- 


Rule 1. oO and the two firſt together for a Diviſer ; the 
| Quotient ariſing from them will be the fixth Term. 


That is, in our propoſed Example 1. 


Thus 6X300Xg9=16200 the Dividend. 
And 100X12=1 200 the Diviſor. 
Then 1200) 16200 (134 the Anſwer, as before. 


21 Term fought, fall under the firſt Place, 
T 


Or if the Blank fall under the ſecond Place, 
ſe will be . Either of theſe gives this Rule. 


Multiply the Firft, ſecond, and laſt Terms together 
Rule * Dividend, and the other two together for a Diviſor 


— from them will be 2 K _—_ 


And becauſe our Example 2. falls under the Conſideration both 
of Dire& and Reciprocal Proportion, let it be here propoſed 


Viz. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days; How 
many Days will 21 Buſhels ſerve 16 Horſes, Se. 

If the Terms of this Queſtion be placed down as before di- 
rected, they will ſtand | 


* 1 Terms in the Suppoſition. 
I | 21 


Here the Blank falls under the ſecond Place, therefore it muſt 
be found by the ſecond Rule. 


Thus 4Xx8X21=672 the Dividend. 
And 2 the Diviſor. 
| 96) 672 (7 the Anſwer, as before. 
0 | | 


ef. 
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Oveſt. 3 - What Principal or Stock will gain 20). in 8 Months 
O35 Gant. jor Semen 

Prin. Time. Gain 
" 100 . 12 . 6 Terms in the Suppoſition. 


8 . 20 
| In this Queſtion the Blank falls under the firſt Place, there- 
ore it muſt be found by the ſecond Rule. 


Thus 100X12X20=24000 the Dividend. 
And $:<6=48 the Diviſor. 
Then 48) 24000 (5007. the Anſwer required. 


The Proof of all Queſtions in this Double Rule of five Num- 
bers, is beſt performed by varying the Queſtion ; _ 
it in another Order, as in the laſt Example : 

If 100. gain 60. in 12 Months, — core gain in 8 


Months ? 
The Anſwer to this Queſtion muſt be 201. if the Work of 


the laſt Example be true. 
| Prin. Time. Gain. 
_.. WW - vB 
Stated thus | 3 J, per Rule 3. 
g00x3x6=24000. And 100X12=1200. 
Then 1200) 24000 (20d. the Anſwer, &c. 


Queſt. 4. If 2 Men can do 12 Rods of Ditching in 6 Days, 
How many Reds may be deap by 8 Men in 24 Days, at the 
ſame Rate of working ? 

Anfwer, 192 Rods. 


5. If the Carriage of 5 $C. 39% Weight, 150 Miles, 
We 7% 1 ; What muſt be ps the Carriage of 7 C. 
2 gr.. 6 70 gbt, 64 Miles, at the ſame 


Rate ? 
Anſwer, 11. 186. 74d. 


. 6. If 8 Men deſerve 21. Wages for 5 Work, How 


much will 32 Men deſerve for 24 Days, at the fame Rate? 
Anfwer, 38/. 8s. 


| Queſt. 7. Suppoſe à hundred Pounds would defray the Ex- 
of five Men for twenty-two Weeks and fix Days, How 
rn. 
Pounds, at the ſame Rate? 88 
Anſwer, 1 2 
ns CHAP. 
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Fan il * 
Of Trading in Company, uſually called the Rulx or FrILOwW- | 


SHIP; alſo BARTERING, and ExXCHANGING of Cons, &c. 


* Rule of Fellotuſbip is that by which the Accompts of 
ſeveral Partners trading in a Company, are ſo adjuſted or 
made up, that every Partner may have his juſt Part of the Gain, 
or ſuſtain his juſt Part of the Loſs; according to the Proportion 
or Share of Money he hath in the Joint-Stock : Now this falls 


under two Conſiderations, called the Single and Double Rules of 
Fellowſhip. 


Sea. 1. The SincLE Ror E or FeLLoOwsHIP; viz. That 
without Time. 

the Single Rule of Fellatuſbip is adjuſted the Accompts of 

thoſe Partners that put all their ſeveral and perhaps different 
Sums of Money, into a common Stock at one and the fame 
Time; and therefore it is uſually called the Rule of Fellowſhip 
without Time: Now all Queſtions of this Nature are anſwered 
by fo many ſeveral Operations in the Rul? of Three Diredt, as 
there are Partners in the Stock. , Ft 

For, as the total Sum of Maney in the Stock is in Proportion 15 
the whole Gain, or Loſs ; ſo is every Man's particular Part of that 
Stock, to his particular Share of thet Gain, or Loſs. 

veſt. 1. Three Partners, ſuppoſe A, B, and C, make a Joint- 
Stock of 960. in this Manner. 
A., puts in 24/. B, puts in 321. and C, puts in gol. with this 
96/7. they Trade, and gain 12/. It is required to find each Man's 
true Part of that Gain. | 

The Operation will ſtand, thus 

24). : 3l.=#'s 
961. : 12. :: 17 en of the Gain. 
: 5L.=C"s 
Proof 3/.+4/.+51.=121. the whole Gain. —_ 

T hat is, if the Sum of each Man's particular Gain, amount fo 
the whole Gain, the Work is true; if not, ſome Error is committed 
which muſt be found out. - 

Note, Operations will be very much abbreviated, if 
you work them by Theorem 2. page 87. For here 96 is a com- 
mon Antecedent, and 12 is the common Conſequent in all the 
three Proportions. 3 8 

989 There- 


Therefore 96: 12 :: 1: 0% 


40 51. C. 


Now this Method is more readily 


Diviſion ſerves for all the Work. 


Def 2. Three Merchants, A, B, and C, freight a Ship with 
| 248 Tun of Wine: Thus, A, loaded 98 Tun, B, 86 Tun, and 
C, 64 Tun. By Extremity of Weather the Seamen were forced 

to caſt or throw 93 Tun of it over-board. How much of this 


J. Then 98—36, 75 861,25 
* 86—32,25 253,75 
64—24,00==40,00 
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n 


Fart J. 


performed than the other, 
- eſpecially when the Partners are many; becauſe one ſingle 


Loſs muſt each Merchant fuſtain ? 
Firſt 248 : 93 :: 1 : 09375 the common Multiplier. 
Then 98 36,75 for A's 
86 f X0,37 5= 5 for B's 
64 24,00 for Cs 
Proof 93,00=the whole Loſs. 


Now if the Queſtion were to find how much of the remain- 
ing Wine that was ſaved, belongs to A, to B, and to C. 


That is, A, ought to have 61 Tun and 63 Gallons. B, ought 


Tun of what was leſt. 


a 22. of 25584, 


Thus 1654. 10=654,50 
$43 » I$=$43,75 
480 . oo==480,00 
254. 10==254,50 
36s . 05=2365,25 
260. 00==260,00 


ty & © tb 


Oveſt. 3  Sappoſe 6 Men, vis. 4, B, c. D, k. and 7, make 


LL „ Decimah. 


© © 
- 


to have 53 Tun and 189 Gallons. And C, ought to have 40 


The whole Stock "2538 8 6825 58,00 according to the Sal. 


With 
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With this Stock of 2558/. they Trade eighteen Months, and 
gain 831“. 7s. It is required to find every Man's Part or Share 


of that Gan. 
of Trading, viz. eighteen Months, be 


Note, Although the Time 
mentioned in the Queſtion, yet it is no Way concerned in anſwering 
of it; as you may obſerve in the following Work. 


Firſt, 25 68“. : 831,354. :: 14. : 0,325 Decimal Parts. 
Conſequently, 1. : 0,325 :: 654,5 : 212,7125. That is, 


654,50 212,71250 A. 
* — - 
0,00 | 156,00000 2 
254,50 f, 82,71250 fr B. 
365,25 11$,70625 E. 
250,00 84,50000 F. 


& gs & & & 
A 212,71250=212 . 14 . 03 
B 1767187528176 1444 
C , 156,00000=156 . 00. 00 
D 1. $2,71250= 82. 14. 03 
E 118,70625=118 . 14. 014 
F $4,50000= $4 . 10. oo 


— 


Proof. Sum 3831,38 =b3n.07.00 


I have omitted reſolving this Queſtion according to the uſual 
Method (as before directed) of finding every Man's particular 
Part of the Gain by the Golden Rule, as in the firſt Work of 
Example 1. leaving that for the Learner's Practice. 


— — 


Sect. 2. The DouBLE Rurtsz or Frrrowsulr; or that with 
Time. 
HIS is uſually called the Double Rule of Fellowſhip, becauſe 
every particular Man's Money is to be conſidered with Re- 
lation to the Time of it's Continuance in the Joim-Stock. 


Dueſtion 1. A, and B, join in Partnerſhip theſe Terms, 
viz. A, agrees to lay down 100. and to y it in Trade 3 


Months: Then B, is to lay down his 100. and with the whole 
Stock of 200. they are to trade 3 Months more. Now at the 
End of that Time, they find their whole Gain to be 21/. It is 

equired to know what. each Man's Part of the Gain ought to be, 
2 


to his Stock; and the Time of employing it. 


1 
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Here it is but reaſonable to conclude, that A, ought to gain 

more than B, notwithſtanding their Stocks of Money are equal ; 

becauſe A employed his Money a longer Time than B. 

Now tor reſolving of this Queſtion, let us ſuppoſe 4's rool. 
employed the firſt 3 Months to gain Z=a Sum as yet unknown; 
then it muſt gain 2 Z in 6 Months; and to find what B, muſt 
gain, it will be, 

Z Months. 


e 3 OST: Gan js Rab. en 


| 100X702, __ ; 
3 ==B*s Gain. 
But 4's Gain aJded to B's Gain muſt 21. the whole Gain by the 
Queftion. 
Therefore 2 24.0 — 
100x6 


That is, 100X6x2 Z+100X3xX2 Z=21X100x6. 
Which contracted is, goocz Z=21x600, 


Conſequently, e which gives the following Analogy. 


Fiz. go0 : 21 :: 600 : 2 Z=14). for A's Gain. 
And 9: 21 : : 100X3==300 : 71. for Bs Gain. 


Now this Way of arguing hath not only reſolved the preſent 
Queſtion, but it alſo affords (and demonſt rates) a general Rule 
for reſolving all Queſtions of this Nature, be the Partners never 
. fo many. 


Multiply every particular Man's Stock, with the Time 
it is employed, then it will be, as the Sum of all thoſe 
Rule. Produtts, is to the whole Gain (or Loſs). So is every 
one of thoſe Produtts ; to its proportional Part of that 
whole Gain (or Loſs). 


Queſtion 2. Three Merchants A, B, and C, enter into Part- 
nerſhip, thus; A puts into the Stock 65. for 8 Months; B puts 
in 78“. for 12 Months; and C puts in 84/. for 6 Months. 
With theſe they traffick, and gain 166. 127. It is required to 


find each Man's Share of the Gain, proportionable to the Stock 
and Time of employing it. * 


1. 4s 
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1. 4's Months, the Time it was , 
e mployed 25 


3- C's 504 

—— 

Then, according to the Rule, the ſeveral Proportions will 
ſtand thus, 


ig60 : 16,6 2215 2 27 18 
7 1 :$:4 930, 79,5 7,1. 

504 42, 42. 16s. 944. C. 
f The whole Gain= 166/. 121. od. 


Or you may work as in ſome of the former Examples, viz. 
finding the proportional Part of the Gain due to one Pound, Sr 4 


Thus 1960: 166,6 :: 1 : 0,095 the common Multiplier. 
Then 520} - CA. 
e 22. N Sc. As before. 
504 42,84) CJ) 


ion 3: Six Merchants, viz. A, B, C, D, E, and F, enter 
iP» 8 6h a Joint-Stock in this Manner : 


y 
The ſeveral Stocks of Money, and their reſpective Times 
firſt brought into Decimals, and then multiplied toge- 


_ being 
ther, will produce theſe following Products. 


L Months. 
4's 64,59x4,50 
2 — n. 
8 loo, ok 8, 2 | imme if was en- 
D's Stock — F plozed= 
E's | 74,6 X 9.50 | ; 
F. 125,75X7,00 _ 


The Sum of thoſe Products 4142,70 
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Then if you work by the common Way; it will be 


41427 : 258,91875 :: 290,25 „ for 

3 KK reſt. * 
if you work by the eaſieſt Way, viz. by finding the 

— Cc 


Thus 4142,7 ; 258,91875 :: 1: 0,0625. 
= 


Then 
290,25 18,140625=18 . 02 . 094 A 
— 50 9 10. 074 2 
25, 1,562500=51 . 11 . © 
—— oo 0623 1 07 os F | bor 5 | 
je j 44,293750=44 - 05 10 * 
580% 5 (.55,015625=55 . 00 f. UF 


The whole Gain=258 . 18 o 


Theſe few Examples being well underſtood, are ſufficient to 
ſhew the whole Buſineſs of Fellowſhip, &c. 


———— 


Sea. 3. Of Bartering. 


Merchants, or Tradeſmen, exchange one Com- 
modity for another, it is called Bartering; and the 
only Difficulty in this Way of dealing, lies in duly proportion- 
ing the Commodities to be exchanged, ſo as that neither Party 
may ſuſtain Loſs. 
* 8 Two Merchants, A, and B, Barter; A would 
grs. 14 Ib. of Pepper, which is worth-3/. 10s. 
— 3 . B B 870 Colton, worth 10d. | of nr earns how 
much Cotton muſt B give to A for his Pepper ? 

Note, In order to the reſolving of this Dueſtion (and all other 
Dueftions of this Nature) you muſt firſt find, by the Rule of Three 
- otherwiſe) the true Value of that Commodity whoſe Quantity 

given (which in this Weſton © is Pepper ). 2 then find bow 
much of the other Commodity ill amount to that Sum, at the 
SINE... > 
Firſt 5 C. 14 25,8787: . 
And 3% - fe =5875 in Decimal 

Then 1: 3,5 :: 5,875 : 25,5625=20). 115. 3d. the true Value 
of the Pepper. 

Next, It is eaſy to conceive, that A ought to have as much 
Cotton at 10d. per Pound, as will amount to 200. 115. 3d. which 
2 be thus found; 


: 3. ;: 20. 26 34.=42354. : 493,5 lb. 


That 


. * * 
2 
* 
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That is 4 C. 1 gr. 174 pound of Cotton. And fo much B muſt 
give to 4 in exchange for his 5 C. 3 grs. 14 Ib. of Pepper. 

2 Two Merchants, A and B, barter thus; A hath 
86 Yards of Broad-cloth worth gs. ad. per Tard ready Money: 
but in Barter he will have 1 15. per Tard. B hath Shalloon worth 
25. 1d. per Yard ready Money; it is required to find how many 
Yards of the Shalloon B muſt give to 4 for his Cloth, to make 
his Gain in the Barter equal to that of 48. 

The Method of reſolving this, and the like Queſtions, differs 
a little from the laſt Caſe; for in this you muſt firſt find what 
Advance B ought to make per Tard upon his Shalloon, in pro- 
portion to what A hath done upon a Yard of his Cloth. | 

Thus f 2 . 'Y & WW WW 3 

9 2=110 : I1=132 :: 2 1=25 : 2 6=30 
the advanced Price for a Yard of B's Shalloon. Then proceed 
as before in the laſt Example. 

Thus 1 Yard : 11s. :: 86 Yards : 9467. 247. 6s. the ad- 
vanced Value of all the Cloth. | 

Next, It 27. 6d. will buy one Yard of Shalloon, at its ad- 
vanced Price, how many Vards will 47. 6s. buy. 

Thus 2,5 : x :: : 378,4 Yards. 

That is, B muſt give 3782 Yards of his Shalloon to 4, for 
his 86 "Yards of Broad-cloth. . 

Theſe two Examples are ſufficient to ſhew the Learner, that 
the Method of bartering, or exchanging Commodities for Com- 
modities, wholly depends upon a clear Underſtanding of the 
n ich indeed is ſo called, becauſe of its univerſal 

ſe. | | 


um 


i 


4 on 


n a : 
Sect. 4. Of Exchanging Coins. 
Xchanging the Coins of one Country for thoſe of another, 
is like the of bartering Commodities. That is, 
it conſiſts in finding what Sum of one Country Coin will be 
equal in Value to any propoſed Sum of another Country Coin 
And in order to perform that, it will be very neceſſary to ha 
re — 
Coins which are to be exchanged, as are compared in 
with our Engliſh Coin. A | 46 out 

I fay, at all Times, becauſe the Par af (as the 
Merchants call it) differs almoſt every Day from. Langun to 
other Countries. That is, it riſes and Aus, according as 
rr or according to the Time allowed 
"= r 10 Thoſe 


* — 
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called the Merchants 
have omitted 


10 Gilders=33] Shillings 
4 Sand 11 


een „een %o „soo 00 


37 
71 


een 


64. 


162). 19s, 


= «4 


6— 


5 46 


Ch. 8. Rule of Fellowſhip. 


Thus 162/#18;.=32585. and 45. bd.=4,54. 
Then : 12: 3258 : 724 the Anſwer. 


Queſt. 2. How many 2 Ducats, of 5s 6d. the Ducat 
DIRT at 4s. 4d. the Piece? 6 
Anſwer, 216 and 3s. 8d. over. 


Thus 55. 64.=66d. and g. 44.=524. 
Then 27 SK 214300 2756 Ducats. 
Conſequently 66) 14300 (2163 the Anſwer required. 


Queſt. A Traveller would change 2331 16s. 8d. Sterli 
Money ; ae. How — 
Ducats muſt he have? Anſwer, 976 Ducats. 


Thus 47. 914.7, 54 and 2 16s. 8. 861204. 
Then 37, 54) 561204. (976 the Anſwer required. 


Queſt. 4. A Caſhier bath received 759 Ducats at 75. 6d. per 
Ducat ; and 579 Dollars at 4s. 8d. per Dollar: Which he would 
exchange for Flemiſh Marks at 145. 3d. per Piece: How many 


enght he to have? 
Anſwer, 589 Marks, and 15d. over. 


For 71. 64.=god. and 45. 8d.=564. 
Then 759x90=6$3104. the Value of the Ducats. 
1 the Value of the Dollars. 


their Sum=1007 344. 
And 14s. 34.=1714. the Nini Mark in Pence. 
Conſequently 171) 100734 (589 &c. the Anſwer required. 


Queſt. 5. A Bill of Exchange was acc at London for the 
Payment of 4ool. Sterling, for the like Value delivered in Am. 


- flerdam, at 1. 135. 6d. for 1]. Sterling; How much Money was 


delivered at dam ? 
Anſwer, 670ʃ. Flemiſh. 


For 11240 and / 135. 644026. 
Then 242 : 402 :; 400 : 670 the Anſwer required. 


Queſt. 6. When the Exchange from Antwerp to London is at 
11. 4s. 7d. Flemiſb, for 11. Sterling; How many Pounds Sterling 
muſt be paid at London, to balance 2360. Flemiſh at Antwerp. 

| Anſwer, 1921. Sterling. 
Thus 1. 4. 74=2958. and 1/.z=240d. 
Then 295 : 249 : : 236 : 192 the Anſwer. 
P 2 We? 
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Queſt. 7. A Merchant delivered at London ®20). Sterling to 

receive 1471. Rs er? How much was 1/. Sterl- 

* W Anſwer, 1. 4s. 6d. 


Thus 120 : 147 : : 240d. : 2944. =1/. 4. bd. Ce. 


. 8. A Factor hath fold Goods at Cadiz for 1468 Pieces 
of Fight, valued at 4s. 64d. — 222 How much 
Sterling Money do thoſe Pieces amount to ? 
Anfwer, 3334. 75. 2d. 


Thus: if 1=54,54. then 1468x54,5=80006d. &c. 


10. 1 6d. for 
45. 6d. a Piece, Ducats at 5s. 8d. a Piece, and 
Gs. 1d. a Piece; and would have 2 Dollars for 1 


: 3 Dollars for 2 Crowns. How many of each Sort 
have ? 
Anſwer, 927 Dollars, 4631 Ducats, and 618 Crowns. 


544.=1 Dollar. 
For 4 684.=1 Ducat. 
And 1266904. 827. 17:. 64. 


Now if the Crowns, Dollars, and Ducats, were to be equal 
in Number; then 73+54+68 muſt have been the Diviſor, 
which 126690 muſt have been divided, and the Quotient wou 
have been the Anſwer to the Queſtion. As in the laſt Example. 

But here inſtead of their Sum, fuck Parts of them muſt be 
taken as are aſſigned or limited by the Queſtion ; that ſo the 
Number of ſome one of them may be found. 


{> Dees for Dun and 
And becauſe there muſt be f 3 Dome lo 2 Corte, 


Therefore it will be 4 of a Ducat for cnc Dalles, and g of a 
Crown for one Dollar. 
Conſequently, 


109 
363, or *3* will be the Di- 


+4) 126690 (gay the Number of Dollars. 
+ of g927=4634 is the Number of Ducats. 
3 of gay is i the Number of Crowns. 


Or it pleaſe, you may form Diviſors to find either the 
Da i Gas BB: For if it be 2Dollars for 1 Ducat, and 
3 Dollars for 2 Crowns, as before; 
| 1— ——_ and ſix Dollars for 4 


. &c. 


. 11. A Caſhier is to receive 5007. He is offered Crowns 
at 6s. 14d. per Crown, which are worth but 6s. Or he may 
have Dollars at 4. 3d. the Piece, which are worth but 4s. 4d. 
Which of theſe he receive to have the leaſt Lois? And 
how much will he loſe in the Payment ? 


1 + — according to the true Values 


Now to find which will be the leaſt Loſs; find what the 
advanced Value of a Dollar ought to be in proportion to that 
of 1 Crown. 

. 328 : 52: 53,083 c. But he may have Dollars 

Piece, therefore the Payment in Dollars will be the 
lab L. viz. 53 is leſs than 53,083 &c, 
Next, to find w 2t the whole Loſs will be by receiving Dees 
| Becauſe the 500l.=1200006. is advanced as _ _—_ 
true Value, as 53d. is above 529. : therefore ſay, If 53d. ad- 
vance 14.=534.—524.; what will 1200006. advance? i. e. 


53d. : 14. : : 120000. : 2264 Dl. 8. 8 %. the Loſs. 


J : Suppoſe | exchange 4 10s. 10d. for 11 Crowns 

; and at another Time I have 4 Lore 
Dollars for Ty 15s. eack being of the ſame Value with the 
What is the Value of a Crown, and of a Dollar? 
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Firſt Crowns-+7 Dollars =I 


Then in order to find the Value of 1 Crown, you muſt caſt 
— hear Thus, 


C Dollars—=32 he firſt 


Then 5 Crowns=330d. being the Difference. - 
Conſequently 5) 330 (66==55. 6d. is the Value of 1 Crown. 
And 4 Crowns=264d. 
Then will 3 Dollars=420d. 


—2644=1 564. 
Conſequently 3) 156 (Sad =. 44: the Value of 1 Dollar. 


2 — — . — — 


CHAP. IX. , 


Of Alligation. 
HEN it is required to mix ſeveral Sorts of Ingredients 
together; as different Sorts of Corn, Wines, Wool, 
Spices, or Metals ; or to compoſe Medicines, &c. the Method 


ot proportioning tuch Mixtures, is called the Rule of Alligation ; 
and is divided into two Parts or Branches, called Medial and 


Alternate. 
SeR. 1. Of Alligation Medial. 


Lligation Medial, is that by which the mean Rate or Price 
of any Mixture is found, when the particular Quantities 
of the Mixtures and Rates are given; and is thus 

Firſt find the Sum of all the Quantities propoed to be mixed? 
And alſo the Sum of all their particular Rates. 


Then the Proportion will be, 
As the Sum of all the ties: Is to the Sum of all 
r Zi 


—_— 


their Rates:: So is any Part of the Mixture: 
mean Rate or Price of that Part 


Oueſt. 1. Suppoſe 15 Buſhels of Wheat at 55. the Buſhel, and 
12 Bln of Rye at 57 44. 4: 


Ch. 9. Of Alligation, &. rr 
What is the mean Rate or Price, it may be fold for a Buſhel, 
without Loſs or Gain? * 8 


This Qyeſtion prepared as directed above will ſtand. 


| 15 Buſhels of Wheat at 55. per Buſhel, comes to 
Thus { 15 Baek of Rye at 3. each, comes 2 — 


eee eee 
Then 27 Buſhels : 140 : : 1 Buſhel : 5 2. . 44. the Anſwer 


2. A Grocer mixeth 36 Pounds of Tobacco, worth 14. 
6d. a with 12 Pounds of another Sort at 2s. a Pound, and 
12 Pounds of a third Sort at 1s. 10d. the Pound. How may be 
ſell the Mixture per Pound? 


Ib. 333 ä d. 
36. at 1. 6 648 
Fiſt $12 . at2 » of fr Pound amonnts to 4 
12 . at 1 . 10 264 


6o=the Number of Pounds. Their Value=1200 
Then 60 lb.: 12006. :: 1 Ih. : 204.=15. 84. the Anſwer required. 


; Canary 
; 13 Gallons and a half of Sherry at 5-. 
G of White-Wine at 4s. 3d. the 
to find what one Gallon of this Mix- 


_ Arithmetick. _ 


Lligation Alternate, is that which the particular Quan- 

— pri are 
. Rats of ene] ame dale 
3 being (as it were) the 


erde 


| Ingredients propoſed to 
be mixed, and the mean Rate e 
given. To find how much of is requiſite to 


compoſe the Mixture, when the whole Quantity, or any Part 
veſt. 1. How much Wheat at 5s. the Buſhel, and Rye at 
"TX. the Buldad, with compete o dilateee Rar may be ds 
45. 4d. the Buſhel. 
Note, In all Yueſtions of this Nature, it will he convenient to 
Place the mean Rate ſo, as that it may be eaſily compared with the 
particular Rates, in order =» rod 
Ser Somers Bits: bf Abi aa 
Thus, the mean Rate=5 26 ” 
Then take the ſeveral 
the particular Rates ; ſetting down thoſe Differences alternately, 
ꝙ ders Oo OO 
Thus 52 $02 118224 


nan for the 12 Wheat. 
And 60—5 = 8 for the Quantity of Rye, that will 
compoſe the Mixture required. | 
The Proof by Alligation Medial. | 
Add III — 
8 Buſhels of Rye at 424. per Buſhel=336d. 


rr — 
Then 18 : 936 :: x : Sd. 44. the mean Rate. 


Note, Altho' 10 and 8 do anfwer the Queſtion, 
pers by the Proofz er they are not the only 2 


this Queſtion, and all cthers of this Kind, will amg of 

velny Intran, cat ef whole nies, ; for any two Num- 

rs that are in Proportion to one another, as is 
to 8, will as truly anfwer the Queſtion. th 

, Fam. 
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Viz. 0:0: $20 Sc. ad infinitum. 


20 : 16 
25 : 20 
Queſt. 2. A Grocer would mix three Sorts of Tobacco toge- 
ther, viz. One Sort of 18d. per tb, another Sort of 229. per ih, 
and a third Sort of 2s. the tb. How much of each Sort muſt he 
take, that the whole Mixture may be fold for 20d. the Pound ? 
n Rates, as before, then find each 
of their Di 


fferences from the Mean Rate, and place 
thoſe Differences alternately. 
18} (4+2= 24 — 20 and 22 — 20 
Mean Rate J 12 1 
244 C2 = 20 — 18 
Theſe Differences, viz. 6. 2. 2 are the Quantities required. 
' (6th of Tobacco at 184. 108 
Prof an us 22d. the Pound come to my 
2th at 24d. 48 


— _ —— 


10 = the Number of Pounds. 'Theic Value = 200 d. 
Then 10) 200 (20 the Mean Rate. 


Or indeed any three Numbers that have the ſame Ratio ws 
one another as 6 and 2 have, will anſwer the Queſtion. | 


| 9:3 
That is, 6: 2 115 : 18 
15: | 
But if only one of the horn given Rates had been greater than 
the Mean — as ſuppoſe 14d. per Pound, 18d. per Pound, 
and 1 Pound, and the Mean Rate 20d. as before. Then 
their Differences muſt have been placed, 
147 14 | 
Thus, 1 5 Je. as before. 
6 ＋ 2 
32 3. A Vintner would make a Mixture of Malaga, 
75. 6d. per Gallon, with Canary at 6s. gd. per Gallon, 
Sherry at 5s. per Gallon, and white Wine at 47. 3d. fer Gallon ; 
What Quantity of each Sort muſt he*take, that the Mixture 
be ſold for 6s. per Gallon ? 
In all Queſtions of this Kind, wherein it is required to mix 
four Things together, two of them having theit Prices greater, 
and two leſſer than the Mean Rate: vou muſt always alligate or 
Q compare 


114 


5 


a greater and leſſer Price with the Mean Price, ſet- 
ting down their Differences alternately, as in the firſt Example 
of this Section. 
White e Lif=go—3a 
ite $1 I 
The, Mem — Wh 854 —— 


Hence 21 Gallons of Malaga, 12 of Canary, 9 of Sherry, and 
18 of White, will compoſe the Mixture required. 


121 — — 

erry 604d. 1 erry . 

Or thus, 72 Canary 2 0 Ca 1 Se. 
White 51d.] (9 White 


Either of theſe Mixtures equally anſwer the Queſtion, which 
may eaſily be tried as before in the laſt, c. 


Caſe II. Ihe particular Rates of all the Ingredients propoſed 
to be mixed, the Mean Rate of the whole Mixture, and any 


one of the Quantities to be mixed being given: Thence to find 


how much oj every one of the Ingredients is requifite to com- 


poſe the Mixture. 
Note, This is uſually called Alligation Partial. 


Queſt. 4. How much Wheat at 5s. the Buſhel, muſt be mix- 
ed with 12 Buſhels of Rye, at 3s. 6d. a Buſhel; that the whole 
Mixture may be fold for 4s. 44. the Buſhel ? 

In this Cafe you muſt ſet down all the particular Rates, with 
the Mean Rate, and find their Difference juſt as before ; with- 
out any Regard had to the Quantity given. 

Wheat God. F 10 
Thus, Mean Rate 524. * — 1 
ty found by the Differences of the ſame 


As the 
Th Name with the Quantity given: Is to the Quantity 
by the 


given:: So is any of the ather JYuantities 
Differences : To the Quantity of its Name. 
Thus 8: :: 10: 15, the Quantity or Number of Buſhels 
of Wheat required. 


Queſt. 5. How much Malaga at 75. 6d. the Gallon, Sher 
at 5s. the Gallon, and white Wine at 4-. 34. 
be mixed with 18 Gallons of Canary at 6s. gd. the Gallon ; 
that the whole Mixture may be fold for 6s. the Gallon ? 


Ch. 9. 


The Terms 


Of Alligation, &c. 11 5 
being ſet down, Ac. as before, will ſtand - 
| 41 

Thus, Mean Rate 72d. þ Sine 85 ITE 
Canary 81 d. * 4 
| 21 : 314 Gallons of Malaga. 
Then, as 12:18: $18: 27 Gallons of White. 
9 : 134 Gallons of Sherry. 
That is, 31 4 Gallons of Malaga, 27 of white Wine, and 
234 of Sherry, — -— Qs 18 Gallons of Canary, will 
make the Mixture req 


Si 


Whae 513 { , 


| Then, as 21 : 18: jus 
Gallons. 


Or thus, hae 


: 10,5; the Malaga. 
Se 


Sum 81 Value g37o2 f! 
Then 51 %) 3702 (72d. = 6s. the Mean Rate. 


Therefore the Quantities are as truly aſſigned here, as in the 
laſt Work. 


Caſe III. The Rates of all the Ingredients pr 
to be mixed; and the Sum of all their Quantities with the 


Mean Rate of the Sum being given; to find the pertiratas 
Quantities of the Mixture. 


This is called Aligation Total, and is thus performed. 

Set down all the particular Rates, with tie Mean Rate, and 
find their Differences, as before; add together all the Differ- 
ences into one Sum : 


4 the Sum of all the Di erences : Is to the Sum of all the 
Then | eee is every particular Difference : 
o its particular Yuantity. 


Queſi. 6. Letit be required to mix Wheat at 5s. the Buſhel⸗ 
with Rye at 42s. 6d. the Buſhel; fo that the whole Quantity 
may be 27 Buſhels, to be ſold for 47. 44. a Buſhel ; what Qyan- 
try of each maſt be taken to make p the düst; 

| 2 


Mean 


x16 Arithmetick. 
Mean Rate 52 {pe 44 JL 
9 PRA On 
Then 18: 27 :: $5: 12) the Quantities required. 


NQueſt. 7. Suppoſe it were required to mix Malaga at 75. 6d. 
the Gallon, with at 6s. gd. the Gallon, Sherry at 57. 
the Gallon ; and white Wine at 4-. 3d. the Gallon ; fo that the 
whole Mixture may be 90 Gallons; to be fold for 6s. the Gal- 
lon: How much ot each Sort will compoſe that Mixture ? 


Whis 2c 116 
Sherry 603 {12 
— ia 


21 : 3145 Malaga. 
Then 60 : 90 : : Fr * Gallons * 


Part I. Ch. . 


Mean — 4 


9132 Sherry. 
12: 18 Canary. 


= . 
Vie 51} { 
60 their Sum. 
Canary 


12:18 
? _ $6: BJ 
esa 15 K 
te Wine. 


9 : 134 
Either of theſe Ways do anſwer the Queſtion, as 


may be eaſily tried by Alligation Medial. As before, &c. 


Note, The Work of theſe Proportions may be much 
(eſpecially when there are many Ingredients to be mixed) if you 
obſerve the ſame Method as was propoſed in the Rule of Fellow- 


ſhip, page 99, &c. 


L have made uſe of the very ſame Examples both in Alligation 
Medial, and Alternate, throughout the three Caſes ; being, as I 
preſume, much better than if they had been different ones; be- 
cauſe the Learner may (if he conſider thema little) eaſily perceive 


not only the Difference between the two Rules, but allo — 
the 


Of Metals, Gravities, &. 117 
the chief Difference of each Caſe in the Alternate Rule depends, 
Ec. Not but that I could have inſerted many various 

as alſo the Manner of Medicines, &c. which, for 
vity ſake, I have omitted, and refer thoſe that defire to ſee into 
that Buſineſs to Sir Jona More's Arithmetick, wherein he will 
find it largely handled. And as I ſhall conclude with Alligation 
Alternate, which altho' it gives true Anſwers to Queſtions of 
that Kind, with ſome little Variety, according as the Ingredients 
are more or leſs in Number, as appears by the foregoing Ex- 
amples ; yet it will not give all the Anſwers ſuch Queſtions are 
capable of, nor perhaps thoſe which ſuit beſt with the preſent 
Occaſion : Nor can this Imperfection be remedied by common 
Arithmetick ; but by an Algebraic Way of arguing it may; where 
by all the poſſible Anſwers to any ion may be clearly and 
eaſily diſcovered ; as ſhall be ſhewed further on in the Second 
Part. 


CHAP. X. 
Of METaALs and their Srrciricx Gravitits, Sc. 
Se. 1. Of GoLDd and SiLves. 


URE Gold, free from Mixture with other Metals, 
called Fine Gold, is of ſuch a Nature and Purity that it 
will endure the Fire without waſting, although it be kept conti- 
nually melted : And therefore ſome of the antient Phi 
have ſuppoſed the Sun to be a Globe of liquid or melted 
Silver having not the Purity of Gold, will not endure the Fire 
like it: Yet Fine Silver will waſte but very little by being in the 
Fire any reaſonable Time; whereas Copper, Tin, Lead, &c. will 
not only waſte, but may be calcined or burnt to a Powder. 
Both Gold and Silver in their Purity, are fo very flexible or 
ſoft (like new Lead, &c.) that they are not fo uſetul either in 
Coin, or otherwiſe (except to beat in Leaf-Gold or Silver) as 
when they are allayed, or mixed and hardened with Copper or 
Braſs. And although moſt Places differ more or lefs in the 
Quantity of ſfucf Allay, yet in England it is generally agreed 
on, that, 


Standard 
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Standard for Gol p. 
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22 Carracts of Fine Gold, and 2 Carracts of Copper, being 
melted 


ſhall be eſteemed the true Standard for Gold 
Coin, c. (The French and Spaniſh Gold being very near of the 
fame Standard) That is, if any Quantity or Weight of Fine 
Gold, — 2 — arts, and 2a of thoſe 
Parts be mixed with 2 of the like Parts of Copper; that Mix- 
ture is called Standard Gold. 

Whence you may obſerve, that a Carra@Qt is not any certain 
Quantity or Weight, but 4 Part of any ity or Weight; 
and the Minters and Goldſmiths divide it into 4 equal Parts, 
which they call Grains of a Carract; alſo they ſubdivide one 
of thoſe Grains, into Halves, Quarters, c, 


Standard for S1LVvER, 


Eleven Ounce: and two Penny-weight of Fine Silver, and 
Eighteen Penny-weight of Copper being melted together, is 
eſteemed the true Standard for Silver Coin, called Sterling Silver. 
And fo in Proportion for a greater or leſſer Quantity; which is 
a leſs Proportion of Allay for Silver, than the other is for Gold. 

Note, When either Silver or Gold is finer than Standard, it is 
called Better; if coarſer, it is called Worſe ; and that Betterneſs 
or Worſeneſs, is reckoned by Carracts and Grains of a Carrat 
in Gold, and by Penny-weights in Silver ; and is thus diſcovered: 
The Goldſmiths or Refiners, & c. take a ſmall Quantity of ſuch 
Gold as they intend to try (which they call making an A ay) 
and weigh it very exactly, then they put it into a Crucible, and 
melt it in a ſtrong Fire, ſo long, that if there be any Copper, or 

other Allay mixed with it, that Allay may be conſumed or burnt 
away: When it is cold they weigh it very exactly again, and if 
it have loft nothing of its firſt Weight, they conclude it is Fine 
Gold, but if the Loſs be { Part, they call it 23 CarraQts Fine, or 
one Carra@ better than Standard: If it have loſt Parts it is 
22 Carracts fine, or Standard: If 4 Parts, it is faid to be 21 
Carracts fine, or rather one Carract worſe than Standard, and 


ſo in Proportion as it happens to be better or worſe. 


| In the ſame Manner they make their Aſſay on Silver, only 
they compute its Loſs by Penny-weights, Oc. Es 
The Author of the Preſent State of England, mentioned be- 
fore (page 32.) ſays, - Thas 
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That the Engliſh Coin may want neither the Purity nor 
Weight required, it is moſt wiſely and carefully provided, 
that once every Year the chief Officers of the Mint appear be- 
tore the Lords of the Council in the Star-Chamber at Weſtmin- 
* Jore with frme Fines of a Bro ot Monies coined the fore- 

going Year, taken at adventure out of the Mint, and kept un- 
© der ſeveral Locks, by ſeveral Perfons, till that Appearance, and 
© then by a Jury 32 —_— — —— the 
© faid Lords, every Piece — weighed and Aſſayed. 

This if it CT Tet Es bell ep we Cle 
its true Standard, c. 

Many pretty Queſtions may be ſtarted concerning the Fine- 
neſs of Gold and Silver, Sc. 


EXAMPLE 1. 


If an Ingot of Silver weighing 787 Oz. 14 Pw. 6 Grains, 
be 11 Oz. 6 Put. fine; How much fine Silver is there in it, and 
what amounts it to, at 5s. 14d. the Ounce ? | 

This Ingot is better than Standard by 4 Pwt. For 11 Oz. 
2 Pwt. = 222 Pwt. the fine Silver in 12 Oz. of Standard. But 
11 Oz. 6 Put. = 226 Put. the fine Silver in 12 Oz. according 


to the Queſtion. 


Firſt 787 Oz. 14 Put. 6 Grains = 378102 Grains. 

And 12 Oz. =240 Pwr. 

Then, As 240 : 226 :: 378102 : 356046 27; = 741 Oz. 13 
Pwt. 6.:. Grains the fine Silver in that Ingot. 

Which at 5-. x zd. the Ounce, amounts to 190. rs. 6d. and 
near a Half-penny. 


EXAMPLE 2. 


* 39 of Gold weighing 115 Oz. 13 Pwt. 18 Grains; 
be £5 of a Grain worſe than Standard: How much Standard 
Gold is there in it, and what comes it to at 3/. 11s. an Ounce? 


Firſt 115 Oz. 13 Pwt. 18 Grains = 55532 Grains Tray. 
200 24) 55530 (2313.75 =a Carract of that Quantity. 
nd 4) 231 3975 ($70 (578,4375 =a Grain of that Carract. 


1 578,437 (144.0937 = 4 of a Grain. 


Again, 231 Jo] $X42=50902e5 ought to be the fine Gold in 
* Ingot, if it had been Standard. * 
t 
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But $0902,5—144,609375=50757»890625 is the Quantity 
323 according to the Queſtion. , 
ore 6090225 : 50757, 890625 :: 55530 : 553722 
Se. Grains = 115 Oz. 7 Put. 4,244 &c. * 7. *. Re 
_= of Standard Gold in that Ingot, as was required. 
t for the Value of it at 3/. 115. per Ounce; 1 Oz.=480 
Grains; and 3/. 117. = 715. . 

Conſequently 480 : 71 : : 553729244 Cc. : 8190, 4777 C. 
Ao! __ very near; being the Value of that Ingot, as 
was required. ; 

Or the laſt Queſtion may be otherwiſe wrought thus; 115 Oz. 
13 Put. 18 Grains = 115,6875. And I or a Grain of a Carract 
is os (vis. the + of 3) Then 22— 7 211222193786. 

ſequently 22: 21,9375 :: 115,6875 : 115,358842 Cc. 
=115 Oz. 7 Pwt. 4,244 Grains, &c. as before. 

Next for the Value; as 1 : 3,55 :: 115,358842 : 409, 523889 

before. 


==409/. 10s. 5 d. very near: as 


* 


SeQ. 2. The Syxciricx Gravity of METaLs, &c. 


I Take an Enquiry made about the different Gravities, or 
Weights of Metals, and other Bodies, to be (not only a Work 
of Curioſity, but alſo) of very good Uſe upon many Occaſions. 
Therefore ſeveral Authors have given us fuch Proportions, or 
Difference of their Weights, as they are faid to have one to a- 


nother ; ſuppoſing every one of them to be of the fame Magni- 
tude or Bigneſs. Some of which I ſhall here inſert. 


1. Henry Van Etten, in his Mathematical Recreations, printed 
Anna 1633, ſets down the Proportion of their Weights thus ; 
Gold 1875 . Lead 1165. Silver 1040. Copper 910. Iron 8 10: 
Tin 150 . Water 100. 


2. One Alſted, in his Encyclopedia, printed 1649, hath them 
thus: Gold 1875. Quickfilver 1500 . Lead 1165. Silver 1040 


— 910. Iron 806. Tin 750. Honey 150. Water 100 
Oil 90. Theſe ſeem to be taken from thoſe of Van Etten's, 


with ſome Additions only. 
3. The ingenious Mr. Ougbtred, in his Circles of Proportions, 
inted Anno 1660, hath their Proportions (according to the 
— of one Marinus Ghetaldi, in bis Tract called Archi- 


medes Promatus) thus: Geld 3990. Quickfilver 2850. Lead 
2415 . Silver 2170 . Braſs 1890 . Iron 1680. Tin 1554. 


4. In 
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4. In the Philoſophical Tranſactions, Number 169 and 199) 
there is an Account of a great many Experiments of this Kind ; 
from whence r theſe —— 2 17888. 
Mercury 14019. Lead 11345 . Silver 10535. r 8843. 
Hammered Braſs 8349 Caſt Bras $100. Steel . bs 
7643. Tin 7321. Pump- water 1000 
Theſe laſt Proportions being approved of and iſhed by 
Order of the Royal Society, ſeem to be unqueſtio true: Ne- 
vertheleſs, becauſe they differ ſo much from the beforementioned 
{and thoſe from one ancther ) I have for my own Satisfaction made 
ſeveral Experiments of that Kind: And have (I preſume) obtain- 
ed the ions of Weight that one Body bears to another of 
the ſame Bulk or Magnitude, as nicely as the Nature of ſuch 
Matter, which may be contracted or brought into a leſſer Body 
(viz. either by drying, or hammering, or otherwiſe) will admit 
of; which are as followeth : | | 


Ounces Troy. || Ounces Averd. 
10.359273=11,365602 
9,902625==10,0304.22 
7,384411= $,101753 
5,984010= 6,55 3885 
5,850035= 6,418324 
5556769. 6,096569 
4,747 121= 5, 208369 
4,494273= 4,$32116 
4,272409= 4,0 300 
4,142127= 4,5544505 
4,031361= 4,422979 
3,$61519= 4,236638 
1,429411= 1,5668859 
A 1,3600841 1,493037 
- , 988456 1,084477 
- 0©,962083z= 1,0685642 
- 0,543z82= 0,5960537 
. 0,542742= 0,9894 
- 0,527458= , 578097 
- 0,523766= , 74646 
- 0,439263= 0,536796 


[ Fine Gold, is = - 
Standard Gold, - - 
Duickfilver, = 

|} Lead 


0,489003= 0,536569 
0,491591= 0,5 39345 
2922 1 ©0,431569= 0,5283 50 


R | bo 
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In this Table you have the ſpecifick Gravity or Weight of a 
Cubick Inch, of various Sorts of Bodies, both in Troy Ounces 
and Averdup:is Ounces, and decimal Parts of an Ounce, which 
I can aſſure you, required more Charge, Care, and Trouble, to 
find out nicely, than I was at firſt aware of. 

Now from hence it will be eafy to determine the Weight of 
any propoſed Quantity, of the ſame Matter and Kind with thoſe 
in the Table; its folid Content being given in Cubick Inches. 
For it is plain, that if the Number of Cubick Inches contained 
in any given Quantity, be multiplied with the tabular Weight 
of one Inch, (of the ſame Kind of Matter) the Product will be 
the Weight of that Quantity in Ounces, &c. 


EXAMPLE. 


Suppoſe it were required to find the Weight of a Piece of 
Marble, containing three ſolid Feet, and 40 Cubick Inches. 
Firſt 1728x3=5 184 the Cubick Inches in 3 folid Feet. 
And 5184-j-49=5224 the Number of Cubick Inches in the Piece 
of Marble. 
Then $5224x1,429411=7410,066624 Ounces Troy. 
Or 5$224x1,568559=8195,719416 Ounces Averdupors. 


The Weight of that Piece of Marble, in Ounces, &c. which 
is eaſily brought into Pounds, Sc. The like for any of the reſt. 

The Converſe of this Work is as eaſy; viz. if the Weight of 
any propoſed Quantity be given, thence to find the folid Con- 
tent of that Quantity in Cubick Inches, Qc. 


Thus, divide the given Weight of the E Quantity (it 
being firſt reduced inte Ounces, &c.) by the tabular Weight of 
one Inch (of the ſame Kind of Matter) and the Quotient will be 
the Number of Cubick Inches contair, ' in that Quantity. 


Note, If you would find what Weight any Quantity of thoſe 
Bodies mentioned in the Table will have, when it is immerſed or 
put into Water, you muſt fubſirat the Weight of an equal 
Quantity of Water (with that of the Body) fron: the Weight of 
the propoſed Body (if it dg heavier than Water) and there will 
remain the Weight required. As for Inflance, 


A Cubick Inch of Lead=5.98401c I 
A Cubick Inch of — Troy, &c. 
their Difference is,=5,441268 the Weight of a Cubick Inch 

of Lead in the Water, Sc. | 
; CHAP. 
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CHAP. XI 


EvoLuUTION, er Extratiting the Roors out of all SINGLE 
PoWERs, by one Geametrical Method. 


SECT. 1. 
Volution is the unraveling, or as it were the unfolding and 
reſolving any propoſed Power or Number, into the tame 
Parts of which it was compoſed, or fuppoted to be made up. 
Now in order to perform that, it will be convenient to conſider 
how thoſe Powers are compoſed, Sc. 

A Square Number is that which is equally equal; or which 
is contained under two equal ton Euclid 7. . 18. 
Thus the ſquare Number 4,.is compoſed of the two equal Num- 
bers 2 and 2, viz. 2<X2=4. Or the ſquare Number 9g, is com- 
poſed of the two equal Numbers 3 and 3,-viz. 3X3==9 : ac- 
cording to Euclid. That is, if any Number be mulnplied | into 
itſelf, that Product is called a ſquare Number. 

A Cube is that Number, which is equally equally equal, -or 
which is contained under three equal Numbers. Eu. 7. Def. 19. 
Thus the Cube Number 8 is compoſed of the three equal 
Numbers 2 and 2 and 2, viz. 2X2X2=8, &c. That is, if any 
Number be multiplied into itfelf, and that Product be multi- 
plied with the fame Number; the ſecond Product is called à 
Cube Number. 

Theſe two, viz. the Square and Cube Numbers, borrow their 
Names from geometrical Extenſions or Figures; as from the 
three ſignal Quantines mentioned in page 2. That is, a Root 
is repreſented by a LINE or Stor, having but one Dimenſion, 
viz. that of LexnG TH only. The Square is a Plane or Figure of 
two Dimenſions, having equal LexGTH and BxzaAbpTH. The 
Cube is a folid Body of 3 Dimenſions, having equal Lxx r, 
Ba EAD TR, and Trmickwxrss : But beyond theſe three, Nature 

eeds not, as to local Extenſion. That is, the Nature of 
Place or Space, admits no Room for other Ways of Extenſion 
than Length, Breadth and Thickneſs. Neither is it poſſible to 
form, or compoſe any Figure or Body beyond that of a Solid. 

And therefore all the ſuperior Powers above the Cube or third 
Power; as the Biguadrat or fourth Power, the Surſalid or fiſch 
Power, c. are beſt explained and underſtood by a Rank or Series 
of Numbers in geometrical Proportion. For Inſtance : Su 
any Rank of geometrical Proportionals, whoſe firſt Term and 
Ratio are the ſame ; and to them let there be aſſigned a Series 
of Numbers in evitheetical Progreſſion, beginning with an Unit 
or 2, — Wakes I, as in page 79. 

2 
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„ &:- Co. $. 7 mm 
* n 2. 64 . 128 Sc. in > 
Then are thoſe Numbers in produced by a continual Mul- 
tiplication of the firſt Term or Root into itfelf ; and thoſe in 
arithmetical Progreſſion or Ix DIES, do ſhew what Degree or 
Power each Term in the geometrical Proportion is of. For Ex- 
ample ; In this Series of 2. 2 is both the firſt Term or Root, and 
zRatio of the Series. Then 2X2=4 the ſecond Term 
; and 2xX2X2=8, or 4X2=8, the Cube or third 
2X2X2==16, or 8X2=16 the fourth Term or Bi- 
ſo on for the reſt. 
is called InvoLuTION, viz. When any Number is 
drawn into itſelf, and afterwards into that Product, &c. it is ſaid 
to. be ſo often inwalved into itſelf ; and the Indices are the Expo- 
nents of their reſpective Powers ſo involved. 
And according to the Involutions, is formed the following 
'Table of Powers ; wherein the Root is only one ſingle Figure. 
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” : * 27 2 ” 8 2 
3 IIIA [EL] > 
— | V 2 2 = > II - J 
y 4 E — 8 ws FM .* 3 1 2 4 
mY > o* 2 &D JS 8 
ien 
Ii fied 2 [iff os [at | 55 
15 > (873 | 82 | &2 
Index | Index | Indix | Index | Index | Index | Index | Index 
ei fo ooo oo oO] @. 
D N U OI ORE: 
24 4 8 x6] zo] 6g 128] 256} 5 
3} 9 | a7 ij 24] 72] ily} 6561 9683 
4 16 64 250 1029] „% 1638 65536 262144 
Þ 25 12 5 6. 19 15625] —_— 39062 5| 1953125 
6 | 36 | 216 1296] ll 46656] 279936] 1679616] 100776g6 
7 | 49 |} 343 2401] 1680 ne7bag] 823547 576480 of | 49353607 
Ss] 64 [| 512 4096] 327662144] 20971 521167772 16% 234217728 
9 | %: | 729 | 656: ggoqgis314qr} 4732969/43046721] 337430485 


This Table plainly ſhews (by Inſpection) any Power (under 
the Tenth) of all the nine Figures; „ 


* 
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the neareſt Root of any Square, Cube, Biquadrat, c. of any 
Number whoſe Root or Side is a fingle Figure. 

But if the Root conſiſts of two, three, or more Places of 
Figures, then it muſt be found by piece-meal, or Figure after 
Figure, at ſeveral Operations. | 

The Extraction of all Roots, above the Square (viz. of the 
Cube, Biquadrat, Surſolid, c.) hath heretofore been a very te- 
dious and troubleſome Piece of Work: All which is now very 
much ſhortened, and rendered eaſy, as will appear further on. 

When any Number is propoted to have its Root extracted, 
the firſt Work is to prepare it, by Points ſet over (or under) their 
proper Figures; according as the given Power, whote Root is 
ſought doth require; and that is done by conſidering the Index of 
the given Power, which for the Square is 2, for the Cube 3, for 
the Biqadrat is 4, fe. (as in the precedent Table); then allow 
ſo many Places of Figures in the given Power, for each ſingle 
Figure of the Root, as its Index denotes; always beginning thoſe 
Points over the Place of Unity, and aſcend towards the Left- 
Hand, if the given Number be Integers, and deſcend towards 
the Right-Hand in decimal Parts. As in theſe following. 

Suppoſe any given Number; as 75640387246 which I ſhall 
all along hereatter call the Refolvend. 

Then if it be required to extract any of the following Roots, 
it muſt be pointed (according to the torementioned Conſider 
tion) in this Manner : . 


Square Root Thus 75640387245 
Biquadrat Root 75640387246 


| Surſelid Root - 5640 387246 
Or ſuppoſe the Number to be o, 6740359820 


Then for the 


— 


Cube Rot o, 674035982 
Biquadrat Root 0,674035982000 
Now the Reaſon of pointing the given Reſolvend in this Man- 
ner, viz. the allowing two Figures in the Square, three Figures - 
in the Cube, and four Figures in the Bi rat, Se. For one 
Figure in the Root, may be made evident ſeveral Ways; but | 


Ss Ae. RL. 


think it is eafily conceived from the Table of fingle Powers, 
wherein you may obſerve that all the Powers of the Figure 9 
(which is but a fingle Figure) have the ſame Number of Places ot 
Figures, as the Index of thoſe Powers denotes: Therefore ſo 
many Places of Figures muſt be taken or aſſigned for every ſingle 
Figure in the Root. Conſequently by theſe Points is known how 
many Places of Figures there will be in the Root, viz. So many 
Points as there are, ſo many Figures there muſt bein the Root, 
and whether they muſt be Integers or decimal Parts, is eaſily 
determined by the reſpective Flaces of the Points. 


Sect. 2. To ExTracTt the SqQuvart Roor. 
Az firſt how to extract the Square Root, according to 


the common Method. 

Having pointed the given Reſolvend into Periods of two Fi- 
gures as before directed; then by the Table of Powers (or other- 
wiſe) find the greatcſt Square that is contained in the firſt Period 
towards the Left-hand (ſetting down its Root, like a Quotient 
Fiz ure in Diviſion) and ſubſtract that Square out of the ſaid Period 
of the Refolvend : To the Remainder bring down the next Pe- 
riod of Figures, for a Dividend, and double the Root of the firſt 
Square for a Diviſor; enquiring how oft it may be had in that 
Dividend, ſo as when the Quotient Figure is annexed to the Di- 
viſor, and that increaſed Diviſor multiplied with the fame Quo- 
tient Figure, the Product may be the greateſt Number that can 
be taken out of that Dividend; which ſubſtract from the ſaid Di- 
vidend, and to the Remainder bring down the next Period of Fi- 
gures, for another new Dividend: Then ſee how often the laſt 
increaſed Diviſor, can be had in the new Dividend (with the ſame 
Caution as before, viz.) ſo as that the Quotient Figure being an- 
nexed to the Diviſor, and that increafed Diviſor multiplied with 
the fame Quotient Figure, their Product may be the greateſt 
Number that can be ſubſtracted from the new Dividend. (As be- 
fore.) And ſo proceed on from Period to Period (viz. from Point 
to Point) in the very ſame Manner, until all be finiſhed. 

An Example or two being well obferved will render the Work 
of forming the new Diviſcrs, &c. more plain and eaſy than can 
be cxpreſſed in a Multitude of Words. 


Frample 1. Let it be required to extraft the Square Root out 
of 572199960721. This Reſolvend being prepared or pointed 


Thus, 


as before directed, will ſtand 


Of Extracting Roots, &. 27 
5 72199960; 1 (7564 the Root. 
"Thus, — 39 t — 


1. Diviſor 145) 821 
5 725=145X5 
2. Diviſor 1506) 9699 
6 9036=1506X6 
3- Diviſor 28 124) 66396 
4 60496=15 124X4 
4. Diviſor 151283) 5900 
3 45 3949=151283x3 
5. Diviſor 1512869) 13615821 
9 13-15$21=1512969x9 


Proof 756439Xxk7 56439=572199900721 the Reſulvend. 
Example 2. What is the Square Root of 1850701,764025 ? 


Operation 1850701,764025 (1360,405 
1 


17204) 110176 
0 1088 16 


1720805) 13 bo4025 
5 13 604025 


| (9) 
Ex. 3. What is the Square Root of 0,06076225 Decimal Parts ? 


Operation 0,06076225 (0,2465 the Root requized. 


,04=,2X,2 
44) 207 
4 176 0,2465x0,2465= 
486) 3162 © Refolvend. 
. 2916 
| * 24625 
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What is here done in whole Numbers, mixed Numbers, and 
Decimals, may alſo be done in Vulgar Fractions; if you firſt 


change the given Fraction into Decimals. (As in Se. 5. p. 68. 
Example 4. Let it be required e the Square Rove of I 


*¹ . 
a Then 0,64 (,8 the Root required. 


= 0) 

In theſe four Examples the Reſolvend hath been a perfect 
Square; and therefore the Root hath been extracted without 
leaving any Remainder : But it very often happens that the Re- 
ſolvend is not a true figurate Number, according to the pro- 
poſed Power. That is, it is not a perfect Square, Cube, Biqua- 
drat, &c. and then ſomething will remain after the Extraction 
hath been made throughout all the Points. Such Numbers are 
called Sup Numbers, and their Roots can never be truly found, 
but will become a continued Series, ad infinitum : If to the Re- 
mainder there be ſtill annexed Cyphers according as the pro- 
poſed Power requires, viz. by two's in the Square, threeꝰs in the 
Cube, four's in the Biquadrat, &c. And the Operations con-- 
tinued on as before. 

Example 5. Suppoſe it were m_—_— 


Root of 6968 
Operation 668 (83,4745, &c. 
163) = 
3 489 
1664) 79,00 
4 66 56 
16687) 12 4400 
7 11 6809 
166944) 759100 
4 667776 
1669485) 9132400 
BR | $347425 


| 1669490) 784975 "284975 &c. 
Then the Root of any Surd Number may be contnnd on 
what Exactneſs you pleaſe, but 4 oy trul '... "OT" 
In my Compendi Al ＋ 9. ve 
axes Wh prdium of Ae : Square Root, and there given 
nar age bh oy Etch 0 ard Pri th 


Having 
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the given Reſolvend, and taken the greateſt 


Ha 
D— . the firſt Point from it, as before. Then divide the 
Remainder of the whole Reſolvend by 2 (that is, half it) and 
int it a-new. (This I call a new Dividend) Then make the 


oot of the firſt Square a Diviſor, — how oft it may be 
found in the new Dividend to the next Figure forward, reſerving 
that Figure under the next Point tor the half Square of the Quo- 
tient Figure. Which . found, multiply the Diviſor with it, 
adding to that Product the Tens of the halt Square if there be any, 
as in plain Diviſion. Then annex the Quotient Figure to the 
laſt Diviſor for a new Diviſor, with which proceed in all Re- 
ſpects as with the laſt Diviſor; and ſo on until all be finiſhed. 


Example 6. What is the Square Root of 2990667969 


7 
— 25 (5 The firſt fingle Root 
2) 490667969 'The Remainder to be divided by 2. 


Firſt Root 5) 2453339845 (54687 
| +4 208=5X4 : +4 the Square of 4, viz. 'f=8. 
Diviſor 54) 3733 | 
+6 3258=54X6 : +x the Square of 6. 
Diviſor 546) 47539 
+ 43712=546X8 : + 4 the Square of 8. 
Diviſor 5468) 382784, | 
+7 382784,5=5468X7 : ++ the Square of 7. 
o 
Hence the. Root is found to be 54687, as was required. 


All the Difficulty in this Method is only the true placing of the 
half Square of the Quotient Figure, when it happens to be an odd 
Number: In that Caſe you muſt bring down one Figure more 
of the Dividend; viz. of the next Period; under which, place 
the odd 5 that will always ariſe from the halt Square of an odd 
Number: As 7 whoſe Square is 49; the Halt o which is 24,5 
to be placed as in the laſt Operation of this Example. 

N. B. When the Number of Figures in the Root of any Surd 
Number are limited; you need not proceed in extrafting the whole 
Roat as before; but only to one Figure more than half the deſigned 


3 for the reſt may be obtained by plain Divifron 


A; 


= 
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Example 7. it were required to extract the Square 
Root of 7 (a Surd Number) to have 12 Places of Figures in it. 


7 (2,645751 Firſt Part of the Root. 
4 
Remainder = ve 
I 1,50 Half the Remainder. 
+ 6 18 ＋ the Square of 0,6=0,18 


2,6) 1200 
OM 
2,64) 15 2000 ) 

+1005 132125 | 
2,645) 1987500 
| +,0007 1851745 
2,6457) 13575500 
Voodoo 13228625 
2,6457 5) 34687500 
| —+,000001 26457505 

2,645 75 1 8229995 


Having thus got 7 of the 12 Figures required in the Root; 
the reſt may be eaſily found by the contract Way of Diviſion 
propoſed in page 68. 


Thus 2,645751) 8229995 | (2,64575131106 
— . 7937253 


__26457 | 
1710 | 


(13) | 


Hence I find the Root of 7 to be 2,64575131106, as was 
required. 


Thus you have two Ways of extraQting the Square Root, 
either of which may be praQuiſed as every one likes beſt. 
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Set 3. To ExTracT the Cunz Roor. 
Method I ſhall here propoſe for extracting the Cube 
Root admits of two Cafes; both which are to be very 
well obſerved. 

1er the given Reſolvend, (as before directed) viz, 
into Periods of three Figures ; then ſeek a Cube Number by 
the Table of P:wwers (or otherwiſe) that comes neareſt to the 
firſt Period of the Reſolvend, whether it be greater or leſs than 
that Period. 

Caſe 1. If the Cube Number fo taken, be leſs than the firſt 
Period of the Reſolvend, call its Root Ltss than JusT : And 
ſubſtract that Cube from the firft Period of the Refolvend. 

_ Cafe 2. But if that Cube be greater than the firſt Period of 
the Reſolvend, call its Root More than JusT : And ſubſtract 
the Reſolvend from that Cube, annexing Cyphers to it, that 
ſo Subſtraction may be made. 

To the firſt Root, whether it be leſs or more than Juſt, an- 
nex ſo many Cyphers as there are remaining Points over the 
whole Numbers of the Reſolvend, and multiply it with 3: Then 
making that Product a Diviſor, by which you muſt divide the 
Difference between the Refolvend and the toreſaid Cube ; that 
Quotient will be the Reſolvend depreſſed to a Square, and there- 
fore muſt be pointed as ſuch, viz. into Periods of two Figures 
each. That being done, make the firſt Root (without thoſe 
Cyphers that were annexed to it) a Diviſor, inquiring how oft 
it may be found in the firſt Period of the new Reſolvend (as be- 
fore in extracting the Square Root) with this Conſideration, 
that if the Root (now a Diviſor) be leſs than Juſt, as in Ca/e 1. 
you muſt annex the Quotient Figure to it, and then multiply 
the Root fo increaſed, into the ſaid Quotient Figure; ſetting 
down the Unit's Place of their Product under the pointed Fi- 
gure of that Period, ſubſtracting it, as in Diviſion. And fo 

on from one Period to another, as betore. 

Blut if the ſaid Root (now a Diviſor) be more than Juſt, as in 
Caſe 2. Then you muſt ſubſtract the Quotient Figure from a 
Cypher annexed, or ſuppoſed to be annexed, to the faid Diviſor; 
multiplying the Root fo decreaſed into the Quotient Figure; 
ſetting down their Product as before, &c. An Example or two 
in each Caſe will render the Work plain and eaſy. 

Note, Each — Figure ought always to be twice added to 
the Diviſor, if the tabular Cube was taken leſs than Fuft, or twice 

ſubſtratted from it, if greater, viz. once before you multiply by it, 
and once with the next Quotient Figure: as will be in the fol- 
lowing s 3 which are therefore more exaci and cunciſe than 
— ., avatoaas 9 

2 1. 
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1. What is the Cube Root of 14636316 the given 


Reſolvend, 81 08 
to be pointed thus 146363183 (5 the firſt Root, leſs than Juſt. 
125=the neareſt Cube to 146 
oo XK 3=1500) 21363183 (1424, 12 new Reſolvend 
Fach Root 5 
„ # JP 
1 Diviſor 52) 14242, 12 (527 the Root required. 
2 
2 Diviſor 527) 3842 
3689 
- 153 the Remainder to be rejected. 
Here the Roct 527 is the true Root at the firſt Operation, 


as may be eaſily tried by involving it. 

That i3 527 X527X527=146363183 the given Reſolvend. 
But if it had not been the true Root, then every Thing that hath 
been here done muſt have been repeated; only inſtead of the firſt 
fingle Root (viz. 5.) you muſt have taken the increaſed Root 
(viz. 527) and this I call a ſecond Operation; which would 
increaſe the laſt Root to nine Places of Figures, viz. every 
Operation triples the Number of Places in the laſt Root; as 
will a further on. 

N. B. It often happens that four, five, and ſometimes more Places 
7 Figures may be taken into the Root: eſpecially when the ſecond 

lace proves to be a Cypher. That is, when the firſi Cube comes 


very near to the fir Period of the Reſolvend. 


EXAMPLE 2. 


What is the Cube Root of 67 078242 ; (4000 Root leſs than 
Firſt neareſt - wha 5g - (Juſt. 
Root 4000X3=12000) 3507824239 (292318,68 
Firn 5 350782423 3 
+ 07 


+ 071 2849 
2 Diviſor 4141) 7418 
+ 1,7 4141 __ 
3 Diviſor 4142,7) 3277,68 
279 2899,87 
4 Diviſor 4143,49) 377,79 &c. 
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ond Pace proved to be» Cypher. And i theſe fx 


is Ex 
ſecond Place proved to be a And in theſe fix 
Operation, the Rec works be en Sc. as 


Exceſs is not an Unit in the laſt for if there were 


EXAMPLE 3 
„ 


Viz. 976379602989073g60279630298890 
The neareſt Cube to 976 is 1000 whoſe Root is 10 more than Juft, 
its Cube 100000c00000000020000/ 000000000 


— 970379509890 390793029889 the Reſolven d 


Remains 236203970100 2603 972036971110 

The firſt Root 10000000000 x 3=30c00000000 the Diviſor. 

Then 30000000000) 236203970109260397 20369701110 (78734- 
6567030867990 for a new Reſolvend. 


1ſt Root 10 
„„ „ „„ 1 r Root. 
1 Div. 993) 787 346567030867990 0079364 &c. ſubſtract. 
_ 95s _ Remains — — the Noot 
2 Div. 98831) 92246 true to the 6th Figure, and 
— 93 38659 too little by an Unit at the = 
3 Div. 98417) 353756 at the firſt 


— 36 2952531 _ 
4 Div. 984134) 0350570 
— 64 3904804 
5 Div. 9943276) 44576630 
Fer « ſecond Operation (if you require no more than ten 
Places of Figures true in the B Root) you need only aſſume 


Bataan anodes 


From the given * 
Sub. Cube of 99 20000000=976191488000000000000000000000 


Remainder 18811498907396 &c. 


” Then 2 &c.= 76 &e $8 &c. (6 181 &. 
122 22976 Kc.) 18811498907 396 &c. (6321068 


Fi 


99209 
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2 


6321068181 637163, 5 add 
595230 _ 9920637163,5 the Root true 
3687081 to the tenth Figure, and only 
2976369 too much by an Unit in the 
71071281 eleventh. 
7 Kc. 69448869 
1022412 
5 20 992127 Here the Additions Foe 
———— Quotient Figure being of no 
—— Conſequence, — * the 
15 27 Diviſion is am 
35009 hence, as in page 68. 
29703 
524 
3 
&c. 


In the ſame Manner the Cube Roots of Decimal Parts; or 
of Vulgar Fractions, being firſt changed into Decimals, may 
be extracted. 


Sect. 4. To ExTRAC the BieuapraT Roor. 


N extraQting the Biquadrat Root, or that of the fourth Power; 

(and indeed the Roots of all even Powers) there are ſome {mall 
Difficulties, not ſo eaſily expreſſed and explained in a few Words, 
25 they are by an Algebraic T heorem (fuch as ſhall be ſhewed fur- 
ther on) I have therefore in this Place made choice of extracting 
ſuch Roots by two ſeveral ExtraQtions; and the rather, becauſe 
I preſume the Reader by this Time thoroughly acquainted with 
the Buſineſs of extraQting the Square Root, by which this may 
eaſily be performed. Thus: 

Firſt, Extract the Square Root of the propoſed Reſolvend, 
then the Square Root of that firſt Root wilt be the Biquadrat 
Root required. 


Example 1. What is the Biquadrat Root of 4857532416? 
Thus 


Firſt extract its Square Root, 


Thus 485753241 
= cu — whoſe Root is 6. 


1257532416 Remainder to be divided by 2. 
Firſt Root 6) = 648766208 (69696 


+ 9 5805 
4326 
+5 4158 
696 668620 
+ 9 626805 
6969 8168 
418138 
(0) 
: being the firſt Root, whoſe Square Root 
Then 69696 1 muſt now be 
— 4 


290690 Remainder to be divided by 2. 
Firſt Root 2) 14348 (264 the Biquadrat Root as was required. 


+ 6 REL 
26) 1048 
+ 4 1048 
264 (0) 
This is ſo caſy I need not inſert any more Examples. 


— 


Sect. 5. To ExTRAC the SurSOLID Roor. 


AvixG pointed the given Reſolvend according as its Index 
denotes, viz. into Periods of five Figures; ſeeking ſuch a 
id Number in the Table of Powers (or otherwiſe) as comes 
the neareſt to the firſt Period of the Reſolvend, whether greater 
or leſs; and call its reſpective Root accordingly, viz. more than 
Juſt, or lefs than Juſt ; annexing fo many Cyphers to it, as there 
are remaining Periods of whole Numbers in the Re olvend; as 
before in extracting the Cube Root: Then find the Difference 
between the Reſolvend, and the Surſolid Number fo taken, by 
ſubſtracting the leſſer trom the greater (as before in the Cube). 
Next find the Cube of the aforeſaid Surſolid Root with its an- 
nexed Cyphers (which you may alſo do by the Table of Powers) 
and multiply that Cube with 5 the Index of the Surfolid, the 
Product muſt be a Diviſor, by which the Difference det ween 
the Reſolvend and the Surſolid Number muſt be divided; ay" 
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ſo it may be to a Square, (as before in the Cube) 
which muſt be pointed into Periods of two Figures each, calling 
it the new Reſolvend (as before). Then make the firſt Root, 
without its Cyphers, a Diviſor, enquiring how oft it may be 
found in the ft Period of the new Reſolvend, with this Can- 
fideration, if the Root (now a Diviſor) be leſs than Juſt, you 

muſt annex twice the Quotient Figure to it; but if it be more 
than Juſt, y ou muſt ſubſtra& twice the Quotient Figure from 
a Cypher 2 annexed, or ſuppoſed to be annexed to that Di- 
viſor or Root, multiplying it fo increaſed or diminiſhed, with 
the faid Quotient Figure, ſetting down their Product, Cc. as 


before. An Example in each Caſe will render it plain and eaſy. 


Example 1. Suppoſe it be required to extract the Surſolid 
Root out of this Number 12309502009375- 


200937 5 The Reſolvend 
— 5 Th 1230, the ade Re- 


N is 1024, — © $ AAYGABAILIS 


Therefore 12309502009375 
— 1024 
2069502009375 their Difference. 
Next the Cube of 400 is 64000000 per Table, — 
And 64000000 x 5=32' 000000 the Diviſor. 
Then 320c00000) 2069502009375 (6497 Ee. 
Firſt Root 400 
+ 2Xxl10=+ 20 
* ) 8 ( 400 
1 Diviſor 420 6467 \+ 15 
+2x5=+19 42 415 Root true 
430 2267 
2150 


117 the Remainder to be rejected. 


That is 415 is the Surſolid Root of the gi iven Reſolvend. As 
„ tried by involving it to he fifth Power. Fiz. 


415 sss X415=12309502009375 the given Re- 


Note, Here again the double Figure ought to be twice 
added or ſubſtrafied, in Coon as the ſingle one was di- 
the Cube Root, page 131, and the Operation for the Sur- 


_— 
ſolid in theſe two Examples is performed accordingly ; con- 
Example 


„%% 
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rr, 


being more than juſt. 


2.4 30000000000 
—2327034559873 

Remains 102165440127. For a Dividend. 
The Cube of 300 is 27000000 and 27000000X5==1 35000000 
Then 135000000) 102165440127 (756,7810 —— 


Firſt Root 300 
—2 XK 2 2—4 


1 Diviſor 296) 756,78 10 (oe —2,566 
—$—2X 0,3, 93 
2 Diviſor 291 20100 164,78 by 
—1—2Xx0,06=—1,12 12 145,50 Figure. 
3 Diviſor 239,88) 19,2810 

&c* &c. 


Now the Reaſon why this Root comes out to ſo many Places 
of Figures at the firſt Operation, is becauſe the firſt Surfolid 
Number was ſo near the Reſolvend, c. As before. 


"EMPTY 2 


Se& 6. To ExTrACT the RooT = SQUARE CUBED. 


T 
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Thus 


138 


1452205 37383818625 
— 9 
Remains 552205 373535155 to be halſed. 


276 6 (381078125 
272 


4102 
+ 10 3905 


38 10) 2976867 
7 2667245 


38107) 3096226 
3048592 


Then 3) 
+ 8 
33) 


+----8 


381078) 
-[- I 


3810781) 
2 


38107812) 


5 
381078125 


47034757 
38107805 


952095 28 
70215622 


1905 390612,5 
1905390612,5 


c 


Having found the Square Root of the given Reſolvend, 1 
proceed to extract the Cube Root of that Square Root. 


That is, of 381078125 : 
— _— 34z=the neareſt Cube, its Root is 700 
Then 700 X Z=2 100) 38078125 (18161 


Firſt Root 7. 
-+ > 
NI — 8 ( 700 
1 Diviſor 72) 18161 \ +25 
+35 = yu 
2 Diviſor 745) 3761 
: 3725 
(36) 


Hence I find 725 to be the Square Cube Root required; As 
may eaſily be tried by involving it to the ſixth Power. That 
is, 725X725X725X725X725X725 will be found=14522053- 
7353515625 the given Reſolvend. * 


Of Extracting Roots, &. 139 
Sect. 7. To Ex TRACT the Roor of the ſeventh Power. 


Aving pointed the given Reſolvend, as its Index denotes, 

viz. into Periods of ſeven Figures, ſeek out ſuch a Num- 
of the ſeventh Power, by the Table of Powers, as comes 
neareſt to the firſt Period of the Reſolvend; whether it be 
ter or leſſer, calling its reſpective Root more than Juſt, or 
is than Juſt, annexing its proper Number of Cyphers, &c. 
as in the Cube and Surtolid. 

Then find the Difference between the given Reſolvend, and 
that Number of the ſeventh Power (found by the Table of 
Powers) by fubſtraQting the leſſer from the greater. 

Next find the Surfolid or fifth Power of that Root with its 
annexed Cyphers (which you may alſo do by the Table of Pow- 
ers) and multiply that Surſolid Number with 7, the Index of the 
given Reſolvend; that Product muſt be a Diviſor, by which the 
toreſaid Difference muſt be divided, that fo it may be depreſſed 
to a Square, to be pointed, fc. as before in the Cube, &c. 
then make the firſt Root, without its Cyphers, a Diviſor ; 
working with it and the new Refolvend (as before) only here 
you mult increaſc, or diminiſh the Diviſor with thrice the Quo- 
tient Figure *. 

Example. What is the ſecond Surſolid Root, or that of the 
ſeventh Power, | 

of 382986553955078125 the Reſolvend pointed. 
— 2187 the neareſt of the ſeventh Power. 
164286553955078125 their Difference. 

The firſt Root 1s 300 being leſs than Juſt, and the fifth Power 
of 300 is 2430000000000 which being multiplied with 7 is 
I 7010000000000 for a Diviſor, by which the aforeſaid Differ- 
ence muſt be divided; which contracted may ſtand thus, 1701) 
16428655 (9658,23 Cc. 


Firſt Root 300 
＋ 3x 20 =-+ 60 
— . -( 300 
1 Diviſor 360) 9658 \ + 25 * 


60-+3x05=+75 72 325=the true Root required. 
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I have found 325 to be the true Root required, that 


true Root of the ſeventh Power. 
ſtood, it will be 
the 


t 
; and why there ſhould be a Remainder left after 
Root is found, viz. when the given Reſolvend hath a true 
Root of its Kind. 
It is true, the Reaſons of theſe are not here laid down ; nei- 
be rendered fo plain and intelligible by 
Words, as by an ic Proceſs, from whence the Theorems 
given, had their firſt Invention; as ſhall be ſhew- 
ed 1 next Part, when I come to treat of reſolving com- 
pounded or adfected Equations; however, take this ſhort and 
general Account of this Method. | 

This, and all other of the new Methods of Converging Series 
(as they are called) are very different from the former (and ſtill 
common) Methods of extracting Roots, which require the firſt 
ſingle Side or Root of the firſt Period (in any Reſolvend) to be 
taken exactly true, and then by involving, and other tedious 
Ways of ordering it, there is a Diviſor ; which helps 
to grope out by Trials a ſecond Figure in the Root. And ſo 

oceed on from Point to Point; ſtill repeating the whole Work 

every ſingle Fi that comes into the Root. And if by 
Chance there be a Miſtake or Error committed in any one Fi- 
 gure (as it is poſſible there may) it ſpoils the whole Procefs, 
which muſt then be wholly begun anew, or at leaſt from that 
Part of it where the Frror firſt entered. 

But the Nature and Deſign of the Method which I have here 
laid down is quite otherwiſe ; it being ſo contrived, as to gra- 
dually leſſen the Difference betwixt any Power, and 
the like Power of another Number aſſumed, viz. it leffens that 
Difference until it is either quite vanquiſhed, or becomes ſo 
mfinitely ſmall as to be infignificant. 

Therefore when any Number is propoſed to have its Root ex- 
tracted, it is here required to take the next neareſt Root ot the 
firſt Period in the Reſolvend; that fc the Difference betwixt the 


given 


times to four, or five Places of Figures; according as the faid 
firſt Difference happens to be more or leſs (of which you may 
have obſerved Inſtances): But yet there will be a Remainder 
left, and perha =» Excefs'or DeſeR in the Root fo increaſed, 
viz. in the laſt Figure of it. 

Now to rectify the ſaid Exceſs or Defe& in the Root, and to 
diſcover whether the given Reſolvend be a true figurative Num- 
ber, or not: That is, whether it have a true Root of its Kind; 
it will be neceſſary to make a ſecond Operation; by taking the 
Root ſo increaſed, and with it and the given Reſol- 
vend, in all Refpeas as in the firſt Work (like to the third 
Example of extracting the Cube Root); I fay, if the given Re- 
folvend have a true Root, it will appear at this fecond Opera- 
tion, and all the aforefaid Differences, &c. will be vanquiſhed; 
provided the Root required is hot to have more than three, or 
four, Places of Figures in it. 

But if the Root be to have more than three Figures in it, or 
that the given Reſolvend prove to be a Surd Number. Then 
there will be a Difference as before ; which will afford Quotient 
Figures to rectify and increaſe the Root laſt taken, to three times 
as many Places of Figures, as it had at the Beginning of that ſe- 
cond Operation. As you may ſee in the aforeſaid Example 3. 
of the Cube Root ; wherein that Root is increaſed to twelve 
Places of Figures at two Operations; which if it were to be 
extracted the Old (and till common) Way, it would require at 
leaſt forty Times the Number of Figures I have here uſed. 
Again, if there chance to be a Miſtake committed in 

Operation performed by the Method here laid down, that Miſ- 
take will not deſtroy the precedent Work, but will be reQified 
in the next Operation, although it were not diſcovered before. 
And thus you may proceed on to a third Operation, which will 
afford 27 Places of Figures in the Root, Sc. with very little 
Trouble, if c with former Methods. 

The brief Account which I have here given (by Way of ex- 
plaining the Nature of this Method of extrafting Roots) being 
well conſidered and compared with the ſeveral Operations of the 


foregoing Examples, muſt needs help the Learner to form fuch 
an Idea of it, that he cannot (I preſume) but underſtand how to 
proceed 
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n SHINES ap oe hana. how 
igh ſoever it be, without the Help of an Algebraic Theorem. 
Not but when that comes to be once the Work 
will be much readier and eaſier performed ; as will appear in 
the next Part. 

I did intend to have here inſerted the whole Buſineſs of Intereſt 
and Annuities, but finding that it would require too large a 
Diſcourſe, to ſhew the Grounds and Reaſons far the ſeveral 
Theorems uſetul therein, I have therefore reſerved that Work 
for the Cloſe of the next Part. Neither indeed can the raiſing 
of thoſe Theorems be fo well delivered in Words, as by an 
Algebraic Way of arguing ; which renders them not only much 
ſhorter, but alſo plainer and eaſier to be underſtood. 

I have alſo omitted that Rule in Arithmetick uſually called 
the Rule of Peſition, or Rule of Falſe: Becauſe all ſuch Queſtions + 
as can be anſwered by that gueſſing Rule, are much better done 
by any one who hath but a very ſmall Smattering of Algebra. 
I ſhall therefore conclude this Part of Numerical Arithmetick, 
and proceed to that of Algebraic Arithmetick, wherein I would 
adviſe the young Learner not to be too haſty in paſſing from 
— * to another, and then he will find it very eaſy to be 
attaint 


AN 


ll 


AN 


INTRODUCTION 


TO THE 


MATHEMATICKS. 


PART IL 


p RO E M. 


H= formerly wrote a ſmall Traft of ALGEBRA, 
it may ſeem (to ſome) very improper to write 
again upon the ſame Subjett ; but only (as the uſual Cuſtom is ) 
to have referred my Reader to "that Traci. Hewever, becauſe the 
following Parts of this Treatiſe are managed by an Algebraic 
Method of arguing ; which may fall into the Hands of thoſe who 
have not ſeen that Tract, or any other of that Kind ; I thought 
it convenient to accommodate the le 
Elements, or principal Rules, by which all Operations in this 
are performed; that ſa he may not be at a Loſs as be proceeds 
farther on : Beſides, what I formerly wrote was only a Compen- 
dium of that which is bere fully bandled at large. 

The principal Rules are ADDITION, SUBSTRACTION, 
MourT1PLicAaTiON, Diviston, INvoLuTION, and EvoLu- 
TION, as in common ARITHMETICK but differently perform- 
ed; and therefore ſome call it ArcrBrArtc ArRITHMETICK. 
Others call it Aurruuzriek ix SPECIE, becauſe all the 
—— 4 ＋ remain in their ſubſti- 
tuted Letters (howſoever mana Addition, 2 
or Multiplication, &c.) without being defroyed or changed 
others, as Figures in common Arithmetick are. 

Mr. Harriot called it LocisTIiCa Srcios A, or Specious 


CHAP. 


- 


| CHAP. I. 


Concerning the MzTr0D of NoTING down QyanTrITIES ; 
and Tracing their STEPS, Se. 


Sect. 1. Of NoTtarioNn. 
1 2 Method of noting down Letters for Quantities, is 


Part II. Ch. 1. 


various, according to every one's Fancy; but I ſhall here 

the ſame as in my former Tract, and repreſent the 
Quantity ſought (be it Line or Number, c.) by the ſmall (a,) 
and if more Quantities than one are fought, by the other ſmall 
Vowehls, e. u. or y. 

The given Quantities are repreſented by the ſmall Conſo- 
nants, 6. c. d. tg g. We 

And for Diſtinction fake, mark the Points or Ends of Lines 

in all Schemes, with the capital or great Letters, viz. A. B. C. 
D. Oe. 

rr is taken more 
than once, you muſt prefix its Number to it; as 3 à ſtands for 
4 taken three times, or three times a, and 7 & ſtands for ſeven 
times 6, Se. 

All Numbers thus prefixed to any „are called Co- 
efficients or Fellow- Factors; — 1 — rd ak 
tity; and if any Quantity be without a Coefficient, it is always 
ſuppoſed or underſtood to have an Unit prefixed to it; as @ is 
ene — the 

The whic ties are are 
ſame, 222 thoſe in the firſt 
Part, page 5. which | here preſume the Rexder to be very well 

with. To them muſt be here added theſe three more, 


ris. Yr} he ig of Ennis, | Roots. 
* Irrat ionality — a Surd Root. 
All Quantities that are ex 


Fulgar Arithmetick ) are 

F 
4. b. c. d. &c. or by ſeveral Letters that are immediately jc 
22 wk 1 &c. Gre called Simple or Si 


. by dierent or v- 
like Letters, are connected by the $i (+ on-); 

are called Compound whole 
And 


AS a+, a—b, oa ab—dc, &c. 
Quantities. 
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And when Quantities are expreſſed or ſet down like Vulgar 
Fractions, Thus ——, or £72, or Ot, &c. they are called Frac- 
tional or broken Quantities. . 

The Sign where with Qyantities are connected, always belongs 
to that Quantity which i mediately follows it; and therefore all 
the Quantities concerned in any Queſtion, may ſtand in any Or- 
der at Pleaſure, viz. the moſt convenient for the next Operation. 
As a+b—d may ſtand thus þ—d +a, or thus a—d +6, or 
—&d -j-a +6 &c. theſe being ſtill the ſame, though differently 

ed. 
— Quantity which hath no Sign before it (as generally 
the leading Quantity hath not) is always underſtood to have 
the Sign ＋ before it. As à is +a, or b—d is +b—&, &c. for 
the Sign + is the Affirmative Sign, and therefore all leading or 
poſitive Quantities are underſtood to have it, as well as thoſe 
that are to be added. 

But the Sign — bay the negative Sign, or Sign of Deſect, 
there is a Neceſſity of prefixing it before that Quantity to which 
it belongs, wherever the Quantity ſtands. 


ä 


Sect. 2. Of TRACING the STzPs uſed in bringing QUanT- 
TIES te an EQUATION. 
HE Method of tracing the Steps, uſed in bringing the 
' Quantities concerned in any Queſtion to an Equation, 
18 performed by regiſtering the ſeveral Cogn with 
Figures and Signs in the Margin of the Work, accord- 
ing as the ſeveral Operations require ; being very uſeful in long 
and tedious Operations. a ; 
For Inſtance : If it be required to ſet down, and regiſter the 
Sum of the two Quantities, à and ö, the Work will ſtand, 
a Firſt ſet down the propoſed Quantities, « and 6, 
2 over-againſt the Figures I, 2, in the ſmall Co- 
1+2'3 (the third Step) ſet down their Sum, viz. 4. 
Then againſt that third Step, ſet down 1+2 in the Margin; 
which denotes that the Quantities againſt the farſt and ſecond Steps 
are added together, and that thoſe in the third Step are their Sum. 
To illuſtrate this in Numbers, ſuppoſe a=g and 6=6. 


iy; = | 
3-4 3 =6 | 
I "I=9F6=15 being the Sum of g 6. 


a» 
. 


. 
* 
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Again, If it were required to ſet down the Difference of the 
fame two Quantities ; then it will be, 


in; = the Difference between 9 and 6. 


Or if it were required to ſet down! their ProduR. 
Then it will be, 
Thust |a=9 
21b=6 


3iaXb or ab=gX6=54 the Product of g into 6. 
&c. 


1X2 


Note, Letter: ſet or joined immediately together (like a Word) 
78555 the Rectangle or Product of thoſe Duantities they repreſent ; 
as in the laſt Example, wherein ab=54 is the Produdt of a=g 
and be, TT. 2 


Axtions. 


Quantities be added to equal Quantities, the-Sum 
483 tities will be 


2. If equal Quantities be taken from equal Quantities, the 


1 ual. 


If equal Quantities be multiplied with equal Quantities 


3+ 
their Products will be 


If equal Quantities be divided Quantities, 
24 83 will be equal. 1 
5. Thoſe Quantities, that are equal to one and the ſame 
Thing, are equal to one another. 


Note, I adviſe the Learner to get ys Sor — ae 


by Heart. 


Theſe Things bei pronidh ao) o Jute Counties ef 
ts ie PT igmfications being gained, ou 
Algebraiſ may proceed to the following Rules. Bur firſt u 
make bold to adviſe him here (as I have formerly done) that he 
be very ready in one Rule before he undertakes the next. 

That is, he ſhould be expert in Audition, before he meddles 
with Subſftrafiion; and in & before he undertakes 


Multiplication, &c. becauſe they have a Dependency one upon 
another. 
c A P. 
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CHAP. IL 


Concerning the Six principal Runs, cf — AziTa- 
. METICKs, of whole Qy ANTITIES. 


Se. 1. Abbrrion of whole QuanTtiITIEs. 
DITION of whole Quantities admits of three 


D 
A, 3. If the Qpantities are like, and have like Signs, add 
the ients or prefixed Numbers together, and to their 


ram. 1. 
[! a 
2} 4 


1 +21312a 


Thus] |Exam. 5.|Exam. 6.) Exam. 7. x 
11132 Fi 3a— 56 [6ab+12 | 
e 78 [ae 78 gab424 

1 +2 [3] 54+126 |5a—128 36 


The of theſe Additions is evident fram the Wark of com- 
mon Arithmetick. For ſuppoſe a, to repreſent one Crown, to which 
if I add one Crown, the Sum will be twa Crowns, or 2a as in Ex. f. 

Or if we ſuppoſe —a, to repreſent the Want or Debt of ene 
Crown, to which if another Want or Debt of one Crown be added, 
the Sum muſt needs be the Want or Debt of two Crowns, or —2a ; 
as in Example 2. And fo for all the reft. 

Caſe 2. If the Quantities are like, and have unlike 2 
ſubſtract the Co-efficients from each other, and to their Dif- 


- ference join the Qyantities with the Sign of the greater. 


The 


flood by 


ws . Part II. Ch. 2. 


Operations in this be under - 
IL 


Debts 2 the balancing of Accounts betwixt Debtor and 

Creditor. That is, the dffirmative Quantities repreſent the Stock 

or Creditor : The negative Quantities Fepreſent the Debts ; and 

their Sum repreſents the Balance, &c. 
Caſe 3. When the Quantities are unlike, ſet them all down, 

3 altering their Signs ; and thence will ariſe compound 

Quantities, which can be no otherwiſe added but by their Signs. 
Thus! 1a a -d& 

1 — 5 wow 

1-þ-2'3'a-|b6| a—blgbþ 7d 4a—20 


Here follow 8 ohurcia oÞ the 3 xe are pro- 
miſcuouſly concerned. 


. aa-{-2ab-|- bb 1292 
— ab—bc-|-42—6d 


4 — eee 


1+2-+3\4) — 
123 

3] __<4d-+2a0—Jabe—3 

4] A- -ab +2 


— 


1+2+3 


— — 


Sect. 2. SUBSTRACTION of whole QyAxrirus. 


UBSTRACTION of whole Quantities is perform- 
ed by one general Rule. 
RULE. 


Change all the Signs of the Subtrabend, (viz. of thoſe 2 
which are to be ſubſtiratied) or Juppeſe the them in your 
changed; then add all the Quantities together, as before in Addition, 
end their Sum will be the irie Remainder or Difference required. 


8 
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This general Rule is deduced from theſe evident Truths. 
To ſubſtract an affirmative Quantity, from an Affirmative, 
is the ſame as to add a negative Quantity to an Affirmative : 
4 the fame with —22 added to 


tly, to ſubſtract a negative Qyantity from an 
.. ee 
to an Affirmative: that s taken from-+30 will be the fame 
with +28 added to -þ-34. 


| FE E * 3. Exam. 4. 
— 24 | i 


Exam. 6. |Exam. 7. 


1 S E126 {$a—126 [gab+36 
= cot 76 2 — 76 |3ab+24 


1—2 3 7 56 Va 56 NU 
—2abd 


| N 

#1} 24 {| —28 be 

2] — zo | +3e | —b&e | + 766d 

I—2'3! + 54 | —5@ —zs | + 76c | —gabd 
1 12. Exam. 13. 
[ 

1—2 


8 


2426 4ab—g 
x 8ab—7bc+15 
'3l 7a—5b | 12ab-þ7bc—24 


If theſe 13 Examples be compared with thoſe in Addttion, the 
Work will appear very evident, theſe being only the Converſe 
or Proof of thoſe; according to the Nature of Addition and 
Subſtraction in common Arithmetick. 


4 


More Examples in Subſtract ion. 
75 enes <4. Io 
2ja—b 3bd—12 
3\-+ 2b —x - 


1—2 


250 


12 | ks 


—— 


j[a+45-+bc+ 214 [76—a-+b-+54—7c * 


That a—b taken from 4 leaves +26 for the Remainder, 
unn, ahora coco 
Let | 1 | a-+b=z 
And] 2} a—b=x 
2+ 6 2 
1 — b=2—x—b 


a+bls  b=2—x ———_— 


The Truth of all any 
Doubt ariſes, may be proved, 8 K 
Remainder, as in common Aritbmetict. 


EXAMPLE. 


» OINED "— „ü 


Sect. 3. Mor rirricariox of whole Qy Ax Tris. 
ULTIPLICATION of whole Quantities ad- 
mits of three Caſes. 


Caſe 1. When the Quantities have like and na Co- 
efficients, ſet or join them together, and prefix the Sign + be- 
fore them; and that will be their Product. ; 


. 
| 1þ2 e Heb ere [radhbe 


If there be Coefficients ; multiply them, and their 
Prodatt uhjoin the Qantizes fe together 36 before 8 


Thus 


1x2 | — 


2 1 + 
$4 64 — 2 — Jin the Produd. 


That + into + will produce + in the Product is evident from 
Multiplication in common Arithmetick : viz. + 5 into + 7 will 
+35, &c. But that + into —, or — into + ſhould pro- 

ö Sign— as in the four laſt Examples; and that—in- 
— produce the Sign -L. as in the ſecond, fourth, and 
— I Ae 
requires a Demonſtration. 


R — As in Ex. 11. 


Secondly to prove E in 
Example 12. 


Conſequently — into— gives -+ which was to be proved. * 
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Or theſe may be otherwiſe proved by Numbers. 


Thus, ſuppoſe Tool and {Z's { or any other Numbers. 
Then Sr . fer Axiom 2. 


Conſequently, a—bXc—d=6 X 4=24, fer Axiom 3. but 
a—SXc—d, according to the Rules, will be, 
ec—cb+bd—da, which if true be equal to 24. 
b Proof { 429 X 12=240 cb=12X 14=168 
— — da= 8 X 20=160 
Hence ac+bd=35 per Axiom 1. 
And d 28 which being fubſtraQted, 
Leaves ac+bd—cb—da=352—328=24, which plainly 


That-+into—produces—J. the Product. 
| And —into—produces+ 3 2 E D. 


Note, If the Multiplier conſiſts of ſeveral Terms, then every 
one of thoſe Terms muſt be multiplied into all the Terms of the 
Multiplicand; and the Sum of thoſe particular Products, will 
be the Product required, as in common Arichmetick. 


EXAMPLES. 
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Diviſion of Quantities. x53 


SeQ. 4. Dm1s10Nn +l arcane. 


Dſvifeon of Species, is the converſe or direct contrary to that of 
Multiplication, and conſequently is eee 
as in common Arithmetic) and admits of four Ca 


hen the Quantities in the Dividend, have hi 


Caſe 1. 
to thoſe in the Diviſor, and no Co-efficients in either; caſt 


or expunge all the Quantities in the Dividend, that are like 
thoſe in the Diviſor ; n 


the Sign -+ for the Quotient required. 
. 
TITTY) TI 


Caſe 2. When the Quantities in the Dividend have unlike 
Signs to thoſe in the Diviſor; then ſet down the Quotient 


Quantities found as before, with the Sign — before them. 


— 2 as ©: heeded i 


3 a— a— d— a — —f _ " 


1—2 


Caſe 3. If the Quantities in the Dividend and Diviſor, have 


Co-efficients ; divide the Number (as in common Arithmetick ) 
| r 
I. 27 . 
3 


5 
32 = 42 . i 


Nite, When the Quantities and Co-efficients in the Diviſor 
and Dividend are all the ſame, the Quotient will be an Unit, or 1. 


EE 
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6 be 4 | 

Thus | . þ 34 ++ 2 
| a 26&&} c5-+aojzd 

1 2 An 4] 54+ 70 | 
N. B. In Diviſion one thing muſt be very carefully obſerved ; 
viz. that like Signs give + and unlike Signs give in the Quo- 
ten; which needs no ocher Proof than that alredy lid down in 


the laſt Section, if duly with what hath faid con- 
cerning Multiplication and Drviſion, in Vulgar Arithmetick. 
Examples of Diviſion at large. 


r ba + 15 da — 35 bf — 25 f (+ 3e 
7b 54 4 


2 * 3 IZ ba + 15 4a 6 
o —357— 24-57 
D 


0 0 
3. — the Quotient collected from the 3, and 5 Steps. 
Or Diviſion of Quantities may ſtand as Numbers in com- 


mon Arithmetick do: thus 
3@a—6) 8 (2 2 82 ＋ 16 


4—5 
1—2 


0 / 123 — 90 
+ 12ace—24ce 


— 7; EXAMPLES. 
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' EXAMPLES. 
the Root, or ſingle Power. 
| Square, or ſecond Power. 
Cube, or third Power. 
"| Biquadrat, or fourth Power. 
; | Surſolid, or fifth Power, Fe. 


are called Indices of the Power; Le 
involved Quantities in order to contract the — 


— thing high. 
a3 b3 Ai = aaabbbddd 


= 
Quantities have Co-efficients, the Co-efficients muſt 
Mid ho md by as in theſe, 


as = aaaae 


as — aaaaga 
8 


* 


+34 

. 
>» of _ L 46% * 
+ 


SJ; 
1G-5[1 | as aches 


Again, Let a—db, called a Reſidual Root, be given. 


——— bb—4gaad* + 
— 2 — — —ñu—œ 


* 


By comparing theſe two Examples together, you may make 
the following 


Obſervations. 

1. That the Powers raiſed from a Reſidual Root (viz. the Dif- 
ference of two Qyantities) are the ſame with their like Powers 
raiſed from a Binomial Root (or the Sum of two. Qyantuties) 
now oxy *n Gr BO ; wiz. the Binomial Powers have the 
gn + to every Term, but the Reſidual Powers have the 
333 to every other Term. 

2. The Indices of the Powers of the leading Quantity (e 


decreaſe in Arithmetical in the - 
continually in des 
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9” the Cube aas, a,: In the Biquadrat 


Ve „„ 
And becauſe the Unciz (not only of any ſingle Letter, but alſo} 
er, how high ſoever it be, is an Unit or 1 


Powers of 


* 
Bp 

1 
"WP 

©» 
I 


my ON 


@"-+70*b-+2145b*-þ 350% +3 ga*b*+-214*b5 +7ab*+8. 
But that the Buſineſs of finding theſe Unciz, may be rendered 
more eaſy for Practice, it will be convenient to conſider what 
or Progreſſion, the Unciz of each Term do make from 
j 258 

is 


Nees 
SLG 
1115 


- 1 . 


. 5 


' + | = Vnciz of the 9th Power, &c. 


The Unciæ of the firſt Term are only a Series of Units, whoſe 
Sum is every where the Unciz of the ſecond Term. The Unciz 
of the ſecond Term, are a Series of Numbers inarithmetical Pro- . 
grefſion, whoſe Sum is every where the Unciz of the next ſu- 
perior Power inthe third Term, and may be found by Prof . 


259 
| tion 1. Chap. 6 Part 1. For Inſtance, in the ſeventh Power 


it will be TL =21=the Unciae of the third Term. 
The reſt of the Unciz are a Series, whoſe re- 


ſpective ums may be obtained from the Unciz of their pre- 


cedent Terms. 
21 X* © 4 4 
Th bg Then =, Again — 


X 
= 21. And — 7 = Se. 


From hence may be deduced this general Rule. 
RULE. 


the Index of the firſt Letter 7. 8 
4... ge 2 42 fore of ap fowl the Number of 
Terms to that Place ; rec 


ſucceeding Term forward. 
That is, by the Help of thoſe Indices that belong to the ſe- 
veral Powers of the firſt or leading Letter only (as a) the true 
y underſtood. 


Unciz of every Term may be 
EXAMPLES. 


Let it be required to compleat all the Terms of the aforeſaid 


ſeveral Powers, viz. a7-+a5 b+ as b* + a4 b3--a3 b4-+a* b5+ab6--b7, 
with their Unciæ. 


1. The of a7 the firſt Term will be the Unciæ of the 
ſecond Term. Thus 47+ 7465. 


2. Then half the ſecond Term's Index into its Unciæ, viz. 
232= 2x will be the third Term's Uncie. Thus 47 T 76 
-+21055 will be the three firſt Terms. 


3. Again z; is the Unciz of the fourth Term, 
—_—_ a+, 1a6+b+21a5h3+3504 b3 will be the four firſt 
erms. 


35X4_ 45 will be the Uncie of the fifth Term, 


4. And 


h 4 
has a71+7a6b-+21 25544 35a4b3+ 354354 will be the five firſt 
reſpective Unciz, which will ſtand, — 214 | 


erms. 
And fo proceed till all the Terms are 


+356 b3+3563 b4+2148 b5+7a b6+07. 


; = 
Ce ee ä 


| 3 3 
Will be the Series of the Unciz required; but he doth not tell 
us how they firſt came to be found out, nor have I ever met 
with the leaſt Hint of it in any Author. 


1 


. — — 


Se. 6. EvoLuTion of whole QyanTtirIEs. 


Velution is the extraQting of Roots from any given Power. 

That is, it is the Converſe Work to that of Involution, 
in ſingle Qyantities it is eafy, if the given Power have 
ſuch a Root as is required, which may be thus known. 

If the given Power have no Numbers prefixed to it, and its 
Index can be divided by the Index of the Root required, the Quo- 
tient will be the Index of the Root ſaught. Thus, if the Cube 
Root of 34, viz. 4“ were ired (the Index of the 


Cube i then 3) 6 (2. That is, = un the Root required. 


| Evokition of Quantities. 161 
Leerer 
1 0 
1 un 3 £5, @* þ% | a+ b* o* 
3 [4 a | ad | abd 


Note, The Figures placed in the Margin after the Sign (u-) 
of Evolution, SD 6s Index of the Root to be ex 

If the given Powers have Co-efficients : viz. Numbers pre- 
fixed to them;} then you muſt extract their reſpective Roots, 
as in Vulgar Avithmetick.. 


Thus| 1 | 81 #* | 1296 at 3% 20736 a* b* £4 
Sh ga | 364a*5*} n4ga* b* ce 


13 32 2 6 2 Izabe 
orzw*\4| za | Ga*d*} 12eabe 


But if the Root required cannot be truly extracted out of both 
the Co-efficients and Indices of the given Power; then it is a 


Surd, and muſt have the Sign of the Root required prefixed to it. 


BY. 67 4+| 216 bbbddd 
3 "V67a* [V216 bobadd 


Vas 
17 a5 I 67 a* | 65d 


Evolution of Compound Quantities or Powers, is a litile 
more troubleſome than that of fingle Powers; and would re- 
quure a great many Words to explain the Manner and Reaſon of 
forming =o enema — CR commonly uſed in ex- 
tracti oots of compou ntities; eſpecially if the 
Powe be vary Bi Sc. I ſhall therefore ſpecially 7 the 
omit them, and inſtead thereof propoſe an eaſy Method of diſ- 
covering the Roots of all compound Powers in general. And 
in order to that, it will be neceffary to premiſe ; that if either 
the Sum or Difference of ſeveral Quantities be involved to any 
Power, there will ariſe fo many fingle Powers of the fame 
Height, as there are different Quantities. \ 

As for Inſtance, if a+5+d be ſquared, that is, be involved 
to the ſecond Power, it will r 


here you have aa, bb, and dd. A if a+b+d were cubed, 
viz. involved to the third Power, n you will have aaa, Bl, 
ddd, in it, Oc. 


Y Whence 
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Whence it follows that in the Roots of all com- 
py Quantities, there muſt be conſidered, 

Ho many gifferent Letters (or Quantities) there are in 
* given Power. 

2. Whether the ſingle Powers of each of thoſe Letters be of 
an equal Height, and have in them ſuch a ſingle Root as is re- 
quired : which if they have, extract it as before. 

3. Connect thoſe ſingle Roots together with the Sign +, and 
involve them to the fame Height with the given Power; that 
being done, compare the new raiſed Power with the given Power; 
and if they are alike in all their reſpective Terms, then you have 
the Root required; or if they differ only in their Signs, the _ 
may be eaſily correQed with the Sign — as occafion 
lex. Let it be required to extract the Square 
cc + 2c — 2c + bb—2bd + dd. In this Compound — 
there are three diſtinct Powers, viz. bb, cc, dd, whoſe ſingle 
Roots are 6b, c, d, wherefore I ſuppoſe the Root ſought to be 
b+c+d, or rather 6 + c—d, becauſe in the given Power 
there is — 2cd, and — 26d, therefore I conclude it is —d; 
then b +c — 4, being ſquared, produces bb+2bc—2bd+cc— 
2:d+dd, which I find to be the ſame in all its Terms with the 
given Power, although they ſtand in a --- Poſition; con- 


ſequently - is the true Root 2 
Example 2. It is required to ex the Square Root of 44 


 —2aabb-+b4, Here are but two fingle bo ger viz. a4 and 64, 


whoſe Square Roots are aa and 36. And becauſe in the given 
Power there is —2aabb, therefore I conclude it muſt either be 
aa—bb or bb—aa. Both which, being involved, will produce 
a4—2aa9b+b4 ; conſequently the Root ſought may either be 
aa—bb, or bb—aa according to the Nature or Deſign of the 
Queſtion from whence the given Power was produced. 
Example 3. Let it be required to extract the Square Root of 
36 aaaa+108aa+81. Here the two fingle Powers are rome 
and 81, whoſe Roots are 6 aa and g. And becauſe the Si 
all + therefore I fuppoſe the Root to be 6aa+9, the which — 
ing involved doth produce 36 a4+108aa+81 ; conſequently 
6aa+9 is the true Root required. 
Example 4. Suppoſe it were required to extract the Cube 
Root of wir 300 aae — 450as + 250 — 720ae + GA 
+ 5404 — 288ee + 432e — 216. In this Example there are 
three diſtin& Powers, viz. 12 5a, 2 and —216. The 
Cube Root of 125 44 is 5a; of 64ere is 4&3; And of — 216 


is —6. Wheretore | fuppoe the Root fought to be r 
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ſame with the given — — +6 we 
Cube Root required. 

But if the new Power, raiſed from the ſuppoſed Root (being 


involved to its due Height) ſhould not prove the ſame with the 


ven Power, viz. if it hath either more or fewer Terms in it, 
c. then you may conclude the given Power to be aSurd, which 
muſt have its proper Sign prefixed to it, and cannot be otherwiſe 
expreſſed, until it come to be involved in Numbers. 

Example 5. Suppoſe it were required to extract the Cube Root 
of 27 + 54baa + 8066. Here are two diſtin& and per- 
fea viz. 27aaa, and $bbb, whoſe Cube Roots are 3a 
and 2b. Wherefore one may ſuppoſe the Root fought to be 
„ which being involved to the third Power, is 27 
+ 54 + 36bba + 855. Now this new raiſed Power hath 
one Term (viz. 36bba) more in it than the given Power hath ; 

but this being a perfect Cube, one may therefore conclude the 
given Power is not fo, viz. it is a Surd, and hath not ſuch a 
Root as was required, but muſt be expreſſed, or ſet down, 


Thus = 27 aaa+54baa+8Bbb. 
If theſe Examples be well underſtood, the Learner will find 


it very eaſy by this Method of ing to diſcover the true 
Root of any given Power w A 


CHAP. III. 
Of ALGEBR AICK Faacrioxs, er Bxoxten QyanTITES. 
Sect. 1. NoTaTION of Fraflional Quantities. 


RACTIONAL Quantities are expreſſed or ſet down like 
Vulgar Fractions in common Arithmetick. 


@, 2 bez 5 — 4a Numerators. 
b d 44 + 76 Denominators. 


How to be fo, ſee in the laſt i 
Err 


—＋ Fractional Qyantities are managed in all re- 
like Vulgar Fractions in Common Arithmetick. 
a Y 2 _ 


* 
228 _ — r — ee — — — 


,, 
ts... Ala 
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| Fractions into 
one Denomination, retaining the ſame Value. 
RULE. l 


ULTIPLY all the Denominators inth each other for a new 
Denominator, and each Numerator into all the ö 
tors but its own for new Numerators. 


EXAMPLES. 


Seft2. To ALTER or CHAxGE different 


| = 
Let it be required to bring I and —intoone Denomination. 
Firſt aXc, and dX5, will be the Numerators, and bXc will 


bd 
be the common Denominator, vie. 5. and Te are the two Frac- 


J 3 = bd 4d. 
tions required : that is r , and . 
f Se d—c ; 3 
Again, let = and 12 be brought into one Denomination, 
 bb-jbe—bd—dc adac CH -e 


Sect. 3. To BIN whole QUaxTITIES into FrRActiONS 
of a given Denomination. 
RULE. 


ULTIPLY the whole Duantities into the given Denomina- 
tor for a Numerator, under which ſubſcribe the given Deno- 
minator, and yau will have the Fraftion required. 


EXAMPLES. 
Let it be required to bring @-{-5 into a Fraction, whoſe De- 
nominator is d—a. Firſt a+ bXd —@ is da + bd — aa— bs; 


ww dabd—aa—ba , "FER ; 

— 1 s he Penſion aans. 

Again 5+ will be. And— vill be = 
aa+ bb _ 244 

22 aaa þ 


When whole Quantities are to be fet down Fraftion-wiſe, 
ſubſcribe an Unit for the Denominator. Thus #6 is **_ And 


1 
cd ==>, &c. 


—— —_—__=_ 


i 


Sect. 4. To AnBrEvVIATE, or Repucs Fraflional Quantities 
into their loweſt Denomination. 
RULE. 
Ioide both the Numerator and Denominator by their great 
common Diviſor, viz. by ſuch Quantities as are found in beth, 
and their Quantities will be the Frattion in its loweſt Term. 


rr er And a+ 14 


— 
In ſuch ſingle Fractions as theſe, the common Diviſors (if 
1 are eaſily diſcovered by Iuſpection only; but in 
compound Fractions it often proves very troubleſome, and muſt 
be done either by dividing the Numerator by the Denominator, 
un il nothing remains, when that can be done: or elſe finding 
their common Meafure, by dividing the Denominator by the 
Numerator, and the Numerator by the Remainder, and fo on, 
as in Vulgar Fractions (Sect. 4. Page 51.) 
EXAMPLES. 


aac—aad 
be 1 
* - were to reduced lower 


Then cd—dd) e the Fraftion required. 


© o 
In this Example it ſo happens that the Numerator is divided 
_ juſt off by the Denominator ; but in the next it is otherwiſe, and 
requires a double Diviſion to find out the common Meaſure, viz. 
Let it be required to reduce — I do its loweſt Terms. 
Firſt aa+24ab+db) aaa—eabb (a 


MC 


| 5 „ 6 mf Rs © 
Then —24aab—2abd) aa-+2ab-+bb — : 


2a { 
abs 
—_— 


— 
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"WW WV. Hence 


Fs. 


2 1 1 
Then — —-+-— is the new Numerator ; and FP — — 


I 1 0 @., 1 — 2 
— > is the new Denominator. But— T+——= — 
1 —22—23 


» 4ba 
— — . 0 2 
= the Denominator. Let both be multiplied with 20a, 
aa—ab 


| the Denominator. 
aa—ab aca—abb 
a+b aaþ2ab-6 


Again, let it be required to reduce = 


Fraction required. That i 


The common Meaſure of this Fraction will be the eaſieſt 
found (as appears from Trials) by dividing the Denominator by 
the Numerator, &c. Thus, 


Les ded. bo AIR 9G. % and then you will have 

d4--b the Numerator, 

ET the Dena, þ of the FraQtion required. 
But if after all the Means uſed (as above) there cannot be 

found one common Meaſure to both the Numerator and De- 

nominator ; then is that Fraction in its leaſt Terms 
Note, Theſe Operations will be underſtood a Learner after 

he hath paſſed thro' Multiplication, and Diviſion of Fraftions. 


Se. 5. Abbrriox and SUBSTRACTION of — 
QUANTITIES. 


HE given Fractions being of one Denomination, or if 
Ur per Sect. 4. Then, 


RULE. 


Add or fubſtraf their Numerators, as Occaſion requires, and to 
ER ER Denominator : as 
** Frattions. 


Examples in Abbiriox. 


1 166 bha—b f la—b--4 
| 4 de | 4 
A zac ab—o' [a-+b—4 
E | 4 d+c 4 ++. _ 
%a [3a+64-c | ao 22 
FIT Toh | Fore” 
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23 1 ; 


\ [#b + ao] @ + $jza+b+ 2b _ 
c 4+ << 4 4+a 
bb [2b — « 22 e K 
a ce 4 +c}] 4 | 4a 


| — aa [a — a--b [—a-+4 


c IA 4 4 


. A es 
. ͤů— ͤͤ nn nn Ss 


9 


Sect. 6. MuLTieLicaTtiOn of Freflional Quantities. 


Irſt prepare mixed Quantities (if there be any) — 
them improper Fractions, and whole Quantities by ſub- 
ſeribing an Unit under them; as per Sect. 3. Then, 


RULE 


the Numerators together for a new Numerator, and 
Ter as in Vulgar 
Frattions. 


0 a b |ja—2b 


4 
4 
" 7 
DLZ 
317 2. 
a i 
Suppoſe. it were required to multiply 2a — 25 with 
36-+4c. Theſe prepared for the Work (per Sect. 3.) will ſtand 
\ [2acbb=ngc 
Thus E 
4 * 
+ 356—75be Lace pghe—1006e 


CIT 


N. B. 


- * a n 
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N. B. Any FraQtion is multiplied with its Denominator by 
cafting off, or taking the Denominator away. Thus = x @ gives 
e 


— 


— — 


Sect. 7. Divis tox of Fraftional Quantities. 


HE Fractional Quanti prepared, direQed 
Te- — * 


RULE. 


Multiply the Numerator of the Dividend, into the Denominater 
of the Diviſer, for a new Numerator 3 and multiply the other two 
together for a new Denominator ; as in Fulger fru. 


EXAMPLES. 
Let >. be divided by =, the Work will lind thus, 
= abd (abde__ 4 
cf *abef 


þ | ahbd | a+b 
= 17 4 a-jb 
ab | cb 


6 a ce 


ED 


per Sect. 4 


— e mn 
aaa} aaab-+-3abb _ 


LC DM <= SEE per bet — 


Fractions are — 23888 caſt off the Denoml- 
2 ts be di- 
vided by it will be 86) ab* (ab the Quotient required. 

hg : 
| a „ —_ 


"Algebra. © Part II. Ch. 3. 
Por C But 27 =ab (per 0 


Again, 93 


HE Cating - in both it will be 


aa-+ 2a! -+bb) aaa—abb 4 4. # 


wo 


- 
pt in 
— =» 


SeQ. 8. InvoLuTION of Fraflional Qyantitics. 


RULE. 


— ol fr om Nemerate and the 
Denominator into itſelf for a new Denominator ; each as often 
as the Power requires. 


8s | 3& 154d 

a a—c 3 

4 bb | g bbee | bb-+26bd-+-dd 
bb 


4 ondd | aa—2ac-þcc 


b | 27 bbbce| bbb-jbbd+ bad dad 
| aca | 8 aaadad\ aga—3aac+ Jace—ccc 


SeQt. g. EvoLuTion of Fraftional Qyantities. 


F the Numerator and Denominator of the Fraction have each 
of them ſuch a Root as is required (which very rarely hap- 
ns) then involve them; and their reſpective Roots will be the 


and Denominator of the new Fradtion required. 
| 4 dd | aa—2ab-bb 

| (22 3209 
is | ad 


Again | 1 6b | aaa zaab-|-3abb+-bbb 

| L — — — 
| : 1 

- uw? ” 24 | a—b 


Sometimes it ſo falls out, that the Numerator may have ſuch a 
Root as required, when the Denominator hath not; or the Deno- 
minator 


nnn 9 
er ſuch a Root, r 
1 W the Operations may be ſet down. 


\|aabb] aag + abb—da 

777 | —— | 2h 
119 2 [Eat | | 4 

Fas ! "os = aus way 


But when neither the Numerator, nor the Denominator have 
juſt ſuch a Root as is required, prefix the radical Sign of the 
to the Fraftion ; and then it becomes a Surd; as in the 

laſt Step, which brings me 10 the Buſineſs of managing Surds.; 


"5% + | 


— öͤEjé —— 
CHar:. £2 
Of SurDd QyanTITIEs. 


— of Surds (a call it) were it fully 
handled, would require a very wer (ones (torender 
it but tolerably intelligible); even enough to fill a Treatiſe it- 
ſelf, if all the various Explanations that may be of Uſe to make 
it eaſy ſhould be inſerted ; without which it is very intricate and 
troubleſome for a Learner to underſtand. But now theſe tedious 
Reductions of Surds, which were heretofore thought uſeful to-fit 
Equations for fuch a Solution, as was then underſtood, are 
wholly laid aſide as uſeleſs: Since the new Methods of 
all Sorts of Equations render their Solutions . 
their Powers are never ſo high. Nay, even ſince the true Uſe of 
Decimal Arithmetick hath been 1 —— 
of Surd Numbers has been managed 
ſeveral Inſtances of that Kind in Dr. in E. Nallet Hi Ne Nee 


Brevity ſake, over thoſe tedious Re- 


— as ariſe 1 
Queſtions. | ** 


_— — „ 15 9 


SeQ. 1. | AvpITION ond —— 1 — 
| * 1. 


W's ke) dd, arab raven Par ike 


» and their Difference, the - 
are joined to un, to Som, or . 


| Ws 
of E. See e 


SE 
3 112 . 1 
342: — 


4 * 
1162 = habe: a 


Examples in SUBSTRACTION. 


I 12 7 be 1045 45 yaa + c 
{| 7V be | aby af 3bVaa+ oa 
8 6by ac| bV as + &«& 


oY b+e — /f 
— Vas —ce zr: *Van + 4 


be : *Vartd 


1: 4: F — be: V 


Caſe 2. When the Surd Qyantities are Heterogeneal, (viz. 
8 they are 2 — or ſubſtracted 
either Binomial, or Reſidual. | 

Examples in AbpDrriox. 
1 
2 
1＋ 2f 3 


. ad Vs yy _ 


36 yac Vac + ba 
#2 
4 


be 
* ba 


e: + vba 


— —— 
4d Va:+3bv ac | *'V ar—ba:+V ac+ ba 


Examples in SUBSTRACTION. 


* be 5 — 42 aaa 
V be d —2a V bd-+ dt 
Viera | b—dy aaa-+cs: . r 7 
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Set. 2. MULTIPLICATION of Surd Quantities. 
. HEN the Quantities Surds of the ſame 
wats, , multiply ed Haider, and to their 
Produ8 prefix their radical Sign. | 


EXAMPLES. 


Viet as 2 
8 « | Wea 
16a | V beaa . — 


Caſe 2. If Surd Quantities of the ſame Kind (as before) are 
joined to rational Quantities, then multiply the rational into the 
rational; and the Surd into the Surd, join their Products to- 


2 
3 


IX 


gether. 
EXAMPLES. 
1: 4 ybe 15 2 — 
222 8 
1x2| ;| 3aby beal Y 75V abd 
Sect. 3. Drvis10n of Surd Quantities. f 
Caſe x. HEN the Quantities are Surds of the ſame 


Kind, and can be divided \ (win. without leaving 
. a Remainder) divide them, and to their Quotient prefix their 


radical Sign. 
EXAMPLES. 
il v bot V bean + aa — b 
2155 8 — — bb 
ez [Vaetts 


Caſe 2. It Surd Quantities, of the ſame Kind, are joined to 
rational Quantities; then divide the rational by the rational, if 
it can be, and to their Quotient join the Quotient of the Surd 


EXAMPLES. 


15 ala N + 17 ak 
22 89 4 
15 Y ab 
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r 


EXAMPLES. 


14 @| B+ 2be + ce} acan—2bban4 bbbb 
2|V a| Vbb-+ 2bc+cof Va*— 2bbag+b+ 
1213 vel VB + 2be + ce} Va*—2hhaa ts 


Sect. 4. IxvoLUTION of Surd Qyantitics. 


wakes | 5+ =o the Surds are not joined to rational Quan- 
they are involved to the fame Height as their 


Index denotes, as 4 Gnome tre rp 4 
EXAMPLES. 


ol ENTS 


Caſe 2. When the Surds are joined to rational Quantities ; 
involve the rational Quantities to the ſame Height as the Index 
of the Sure denotes; then multiply thoſe involved Quantities 


into the Surd Quantities, after their radical Sign is taken away, 


as before. 
EXAMPLES. 
. , the | 55 1 | pider—gide 


* E ah — = 


Suppoſe by a=x. Then ve ; per Axiom 4. and both 
Sides of the Equation being equally involved, it will be « = 
75. Then multiplying both Sides of the Equation into 3b, it 
becomes bbe=xx per Axiom 3. Which was to be proved. 


Again, Let 34 yes = A: Then yes = 2 and a=; 3 


Alſo from hence it will be eaſy to deduce the Reaſon of mul- 
tiplying Surd Quantities, according to both the Caſes. For 


— Example 1. Casi i. 


\ Oęles being the Converſe to Multiplication, needs no other 


. 


CHAP. V. 


Concerning the Nature of EQUATIONS and bow to prepare them 
for @ SOLUTION. 


Nane 
— very requiſite that the true Deſign 


r be truly — — 
Words TR ofte n diſguiſed with, 
otherwiſe it will be very difficult, if not impoſſible, to ſtate . 
r 
by ſuch various Methods of ordering choſe 


* — 28 —— ow 


Order, vi. all the ſubſtituted Letters, in ſuch Order as their Na- 
ture requires; the next thing muſt be to confiderwhether it be li- 
mited or not. That is, whether it admits of more Anſwers than 
one. And to diſcover that, obſerve the two following Rules. 


the given Equations, the Yueſtion is capable of i Anſwers. 
EXAMPLE. | 
thus; there are three ſuch 


added to the ſecond, their Sum 
ſecond be added to the third, their Sum 


umber of the given 
—— — 2 — 


There are three Numbers ſa, e, and 5, as before) if the firſt be 
added to the ſecond, their Sum will be aa; if the ſecond be added 


ſtituted Letters be ſo ordered or compared together, either by 
adding, ſubſtracting, multiplying, or dividing them, c. ac- 
cording as the Nature of the Queſtion requires, till all the un- 
known Quantities except one, are caſt off or vaniſhed; but 
therein great Cate muſt to be taken to keep them to an exact Fqua- 
lity; and when that unknown Quantity, or ſome Power of it 
(as Square, Cube, c.) is found equal to thoſe that are known ; 
then the Queſtion is ſaid to be brought to an Equation, and 
conſequently to a Solution, viz. fitted for an Anſwer. 

But no particular Rules can be preſcribed for the caſting off, 
or getting away Quantities out of an Equation; that Part of the 
Art is only to be obtained by Care and Practice. And when that 
is done, it generally happens ſo, that the unknown Quantity 
which is retained in the Equation, is fo mingled and entangled 
with thoſe that are known; that it often requires ſome Trouble 
and Skill to bring it (or its Powers, Ec.) to one Side of the E- 
quation, and thoſe that are known to the other fide ; (ſtill 
keeping them to a juſt Equality) which the ingenious Mr. Scooter 
- his Principia Matbeſeos Univerſalis, calls Reduction of 

quations. 
The Buſineſs of reducing Equations {as of mot, if not all A- 
gebraic Operations) is grounded and depends upon a right Ap- 
plication of the five Axioms propoſed in Page 146, and therefore, 
if thoſe Axioms be well underſtood, the Reafon of fuch Opera- 
tions muſt needs appear very plain, and the Work be eaſily 
performed; as in the following Sections. 


- "_ 


Algebra. Part II. Ch. 5. 
Seck. 1. Of Revvucrion by Abprriox. 
ern. 
is tranſpoſing (viz. removing) of any 
negative Quantity from either Side of an Equation to the other 
| AD, wn n+ ee; 8 
EXAMPLES. 


178 


Then] 2 2. nn 


1+ 242 
tha—4=6—a a 
42 za=6-+ 4—a $1 
2 + 42101 | the 
1 


Let 
* 26 
1 
3+ 2ba=ad-jb-|-dc 

Suppoſe 


SeQ. 2. Of RzpucTion by SUBSTRACTION. 


EDUCTION by Sub/ftrafion is grounded upon Al iam 2. 
1 any affir- 
mative Quantity from either Side of the Equation, to the other 
Side, with the Sign — before it ; as in theke | 


| 
| EXAMPLES. 


AT 
2 


SeQ. 3. Of Rzepucrion by MULTIPLICATION. 


RACTIONAL Quantities, in any Equation, are brought 
into whole Quantities by multiplying every Term in the 
with the Denominators of the FraQtions, per Axiom 33 
as in theſe 

1 


— PR 
SE 


8283 — 
. = Paw) 
1x aa—b& 214 = - 
2 x &jb 13 — — . | 
— — —ͤ —ęU — 


Sect. 4 Of RupucTion by Dixit ox. 


W Te of — if 2 — 
every Term of an the 
— ll be dues im lower Terms 
per Axiom 4, as in theſe following Examples. 


Aa * 


EXAMPLES. 


EXAMPLES. 


x80 Algebe Fart I. Ch.s. | 


EXAMPLES. 


tee, þ = 


hor rs mpg 
I ff: . + caa—a=d4a-jdaa 
2 — « |;jaþca—I=4+dd 


Or when the unknown Quantity is multiplied (viz. joined) 
with any that is known; let the whole Equation be divided by 


the known Quantity, that ſo the unknown may be cleared; as 
in theſe 


EXAMPLES. 


1— b&— S|1. FS: 
2'baa= bda+cba 
1 — bal: 2ba=d-j-c 
2 — 4 — 


 Lethi[agdaa--4:aa=7bca-|21a 
1 — 7} 7daa-þ baa= bea|- 36 
2 — al] 7da + ba = be ＋ z 
— $e+3e 

74 r 


Sect. 5. Of RrDucriox by IXvorUur tox. 


HEN there happens to be an Equation, between any ho- 
mogeneal or like Surds, take away the radical Signs from 
the Quantities, and they will become rational; as in theſe 


EXAMPLES. 
= FAT G. Hh: 


1242944 


db + be y Chap. 3. 


Or if one Side of the Equation conſiſts of Surd Quantities, and 
the other Side be rational, then involve the rational — 


the ſame Power (or Height) with the Index of the Surd, and 
take away the radical Sign ; 25 in theſe 


El. e. 
122 E — 


ag— 
—— — — — 
Sea. 6. Of Repucrtion by EvoruTtion. 

HEN any fingle Power of the unknown Quantity i 
— — evolve both Sides of 


Equation, —— that Power denotes, 
their Roots will be equal ; as in theſe 


EXAMPLES. 


L. RE a. & 


22 Sign e. 


Or if any compound Power of the unknown be on 
one Side of the Equation (that hath a r 
evolve both Sides of the Equation, and it will be depreſſed inte 
lower Terms; as in theſe 


EXAMPLES. 
— + * areal 


8 2 


fir 


e 


Here follow a few Examples of clearing Equations, wherein 
all the foregoing Reductions are promiicuouſly uſed, as Occaſion 


uires. 
* EXAMPLE 1. 


— 4 
1 — ne to? 
off — 44a 


— 
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as was required. 


EXAMPLE 2. 


+ 354 2 a 

=== whatiothe Value of +? 
— 

334 

2 X 354 == 312631623. 
126316 
4—456 31329 

8 a=} 31329=177, the Value of « required. 


EXAMPLE 3. 


2 a4 6466 
_— => 


184 


CHAP. VL : 


Of PxoryorTIONAL QyanTITIES ; both r. 
GEOMETRICAL, and Music. 

hath been ſaid of Numbers in Arithmetical Progre/- 
= Chap. 6. Part 1. may be eaſily applied to any Se- 


or like Quantities. 


— 


10 
— — — — 
— 
f 


Seck. 1. Of QyuanTiTIEs in ARITHMETICAL PROGRESSION. 


1 
tural Progreſſion, e Increaſe or 


Then f , re: 4436: a+46: a+58: 6+be: &c. 
42: 2— : d—2e : 4—Je : 4—46: a—5e:a—be: &c. 

In the firſt of theſe Series it is evident, that if there be but 
three Terms; the Sum of the Extreams will be double to the 

As in theſe, 0:4: 24: or, 4: 24: 34: or, 24: 34: 4a, &c. viz, 
28: : or, 4-+34=24-+24, &c. 

Alſo, in the ſecond Series, either increaſing or decreaſing, it is 
evident, that if the Terms be a: te: 4 ac, &c. increaſing; 
then a + @ + 2e, viz. 24 + 2e the Sum of the Extreams, is 
double to a e the Mean, or if they be 4: a—e : a—2e, &c. 
decreaſing, then « + — 2e: viz. 24 — 2e the Sum of the 
Extreams, is double a—e the Mean. And fo it will be in any 
other three of the Terms. Secondly, if there are four Terms; 
then the Sum of the two Extreams, will be equal to the Sum of 
the two Means; as in theſe, a: a+ e: ＋ 2e: a+3e, in the 
Series increaſing ; here, a CZE 4-22. 

Alſo in theſe, 2: 4 —e:4— 2: 4 — 3e in the Series de- 


— here a+a—J3e=a—e+4—2e, &c. in any other four 


Conſequently, If there are never ſo many Terms in the Series, 


the Sum ofthe two Extreams will dvras be equal to the Sum 
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of any two Means, that are equally diſtant from thoſe Extreams. 
As in theſe, @: ae: ae: a+3e: a+4e: ge: &e, Here 
2 + & ＋ $ge=8a+e+ a+ ge=e + 2e+ a+ ze, &c. And if the 
Number of Terms be odd, the Sum of the two Extreams will 
be double to the middle Term, Sc. as in Corol. 1. Chap. 6. 
before- mentioned. 


, CONSECTARY :. 


Whence it follows, (and is very eaſy to conceive ) that if the Sum 
of the two Extreams be multiplied into the Number of all the Terms 
in the Series, the Product will be double the Sum of all the Series. 


c 


4 = the firſt Term, as before. 
5 = the laſt Term. 
Let Je = the common Exceſs, &c. as before. 
N = the Number of all the Terms. 


S. = the Sum of all the Series, viz. of all the Terms: 


Then will a Wanne Coy : 
a 
that is, Ne +Ny = 2 8. Conſequently r the 
Sum of all the Series, be the Terms never ſo many. I hirdly, 
In theſe Series it is eaſy to perceive, that the common Difference 
e) is ſo often added to the laſt Term of the Series; as are the 
umber of Terms except the firſt ; that is; the firſt Term (a) 
hath no Difference added to it, but the laſt Term hath ſo many 
Times (e) added to it, as it is diſtant from the firſt. 
Conſequently, the Difference betwixt the two Extreams, is 
only the common Difference (e) multiplied into the Number of 
all the Terms leſs Unity or 1. That is, Ni, the 
Difference betwixt the two Extreams, vis. ; 


CONSECTARY 2. 


Whence it follows, that if the Difference betwixt the two Ex- 
„ „„ erms leſs 1, the Quotient will 
be tbe common Difference of the Series. | 

22 f 
ky 


To wit, FEE 
: Bb | - Now 


* N 


ue | Algebra. e Ch.6. 


Now by the Help of theſe two ConſeQaries, if any three of 
the aforeſaid five Parts (viz. a. y. e. N. S.) be given; the other 


- . the Sum of all the Series. 


2 


In like Manner you may proceed to find out any of the five 


Quantities Ca. c. y. N. S.) otherwiſe, viz. by varying or com- 
paring thoſe Equations one with another, you may produce new 
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Equations with other Data in them; the which I ſhall here 
omit purſuing, and leave them for the Learner's Practice. 


SeR. 2. Of Quanrrems in Geometrical Proportion. 


EOMETRICAL Proportion continued has been 

— — Chap. 6. Part I. And what is there 
umbers in may eaſily be applied to Sort 

of RY Quantities that are in . as 


The moſt natural and ſimple Series of geometrical Propor- 
tionals, LUA 


As 1. 3. 43. 4. aaaa . as . as, &c. in = 
For 1 :@4::4: as :: as : aaa : : a: aaa, Nc. 


... 3 bbbb bs &c. are Terms in = 


For a:b:: br nt — 3 


That is, when all the middle Terms betwixt the two Ex- 
treams are both Conſequents 2 that Series is in 
geometrical Proportion contin Therefore in every Series 
of Quantities in <> all the Terms except the laſt are Antecedents; 
and all the Terms except the firſt are Conſequents. But uni- 
verſally putting a the firſt Term in the Series, and e the Ratio, 
viz. the common Multiplier, or Diviſor; then it will be 


4 . Ge . ace . acee . acere . des. aces, &c. in 


G. 
„ ee eee cee £5 


For a: ae :: e: . =ace, &c. 
| a 


2 a aa a 
"# E eee ce 


I. In any of theſe Series it is evident, that if thre” <Ayantities 
are in , the Rectangle of the two Exireams Wi equal (> 
the Square of the Mean; as in thb „ 47 yo hee 
4X ace==ac DM ae,—aace . & c. 


f Bb 2 Or 


188 * Part II. Ch. 6. 


Or « . 22 2 here alſo a — &c. | 


II. If four Quantities are in the Refangle of the Ex- 
treams will be equal to the ReQangle of the Means. 
As in theſe, @. ae. ace. acee; here aXae*=aeXare. 


Or a 4.4.8 here alſo NN. —, &c. 
ee cer * eee 


uently, If there are „ the Series 
of , the Rectangle of the Extreams will be equal to the Rect- 
_— two Means that are equally diſtant from thoſe Ex- 


As in theſe, a. ae. ace. gere. ae. ac 
viz. ae Xa==ae*Xae. Or ae Xa=aceeXKare=aae* 


HI. I. never ſo many Quantities are in — it will be, as any 
one of the 4 was is to its Conſequents ; ſo is the Sum of 
all the Antecedents, to the Sum of all the Conſequents. 


ae 
£.2.2. £2, oc. decreaſing. 


ee ae eie 


+= 2 viz. a Xa Tace | ae” Tae* Þ ae* =ae 


X — — + ae e+, 


That is, the Rectangle of the Extreams is equal to the ReA- 
1 4 Second of this Sea. 
an 


Note, The Ratio y Series in — increaſing is found 
dividing any of the Conſequents by its Antecedent. * 
Thus, 4) ae (e 988 Ec. 


But if the Series be decreaſing, —— 
dividing any of the Antecedents by its Conſequent. 


Thug) « ( 0.2 5 * : 


cox 


« . 7 * 4 b . , = * 5 2 _ 9 
, IF 
- N 7 
4 * 
Of - mal Ouantiti 1 * 
. : - : 
— - 
- 


aner 


S-j-e——eS=s, the firſt Term. 


Note, The ſet in the Margin at the ſecond Step, is inſtead 
a * and imports that the Rectangle of the two Extreams 
the firſt Step, is equal to the Rectangle of the Means. 

And fo for any other Proportion. 


_— 


_— 


K a 


Sect. 3. Of Harmonicar Proportion. 


ARMONICAL iu nd We ng of 
Quantities (or rather Numbers) the firſt hath the 

Ratio to the third, as the Difference between the 
22 nnr ſecond and third. 
in thc ſe fol 


AO | in 1—.— 


5 ＋ @ 3 N 
5 122 
ba 
* the third Term. 
If there are four Terms in Muſical Proportion, the firſt 


the ſame Ratio to the fourth, as the Difference between the 
and ſecond hath to the Difference between the third and four th. 
That is, let a, ö, c, d, be the four Terms, &c. 


CHAP. VI. 


Of Proportion Disjuxcr, and bow to turn Equations into 
ANALOGIES, &c. 
* 


14 Disjunct, or the Rule of Three in Num- 
bers, is already explain'd in Chap. 7. Furt 1. And what 
hath been there ſaid, is applicable to all Homogeneous Quan- 
tities, viz. of Lines to Lines, Cc. 


by - 4 on b . 4 A * Y "I 8 ; 
F 4 * 
* bo 
| # S'. . 
4 * 
* N 
Fa 7 
- + 


. 1. 


b=28, then will 4 = 2c, and it will be 
4: 22 :: c: . the Ratio is 2. „ 
viz. 2ca=2ac. Or ſuppoſe b= 3a, then will 4 
and it will be 4: 3a-:: ©: 3c. 3 4 
a X 3 za Xe. Viz. 304 = Jac. 
e for the Ratio of the Proportion, SCE I 28 
d = ce, and it will be @:ae::c:ce. But aXce=ac N. 
— ard Conſequently, ad = bc, which was to be 
© Whenee i follows thaif any tre of th our ropoiona 
Quantities be given, the fourth may be eaſily found; thus, 


Tn this Manner Euclid, in his 5th 


Or 2 ; 


; If four Quantities are Proportionals t will alſo be Propor- 
tionals in Alternation, Inverſion, 2 Diviſion, Con- 


— 2 Def. 12, 13, 14, 15, 16. 


That 


Algebra, Part II. Ch. 5. 
2322: in direct Proportion, as before. 
2 7 — — 


885 


—bd. 
tlakemncd, that in, add 3) a00 be 


Note, What has been here done about whole Quantities in 


Simple Proportion, may be eaſily perform'din Fractional Quan- 
tities, and Surds, _— 2 


For Iaſtance, If ?:: 7 =, and if it be required 


dd—cc 
to find the fourth Term, it will be ———the RoBangleof the 


F 
Means ; which 9 firſt Extream— willbe- 
dd—cc ddc 
come) (= — — the fourth Term. 
F 2M. — 


Or if 5 rifh:V Bd ber: V — to a fourth Term. Then 
is, V Þd--bec XV Fd -j be = bd -+ the Rectangle of the 
Means; and 5) þ 4 | bc (4 + c the fourth Term. Res iy 
3: rte: Dr: Ae, &c. 


—_— 


Sea. 2. Of Durric Arz and TxIPLICATE PROPORTION. 


HE Proportions treated of in the laſt Section, are to 
be underſtood when Lines are compared to Lines, and 
Superſicics to Snperficies, or Solids to Solids, viz. when each 
is compared to that of its like Kind, which is W Sim- 


ple Proportion. 
But 
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But when Lines are or Lines are 


compared to Solids, ſuch — nguiſhed from the 
tormer, by the Names of Du idle dnd Triphicare, (Sc.) Pro- 
portions; ſo that Simple, Duplicate, and Triplicate, &c. P - 


tions are to be underſtood in a different Senſe from Single, 

ble, Treble, &c. Proportions, which are only as 1, 2, 3, Cc. to 
1 ; but thoſe of Simple, Duplicate, Triplicate, &c. Proportions, 
are thoſe of 4. 4. aaa. &c. to 1. Or if the fimple Proportions 


be that of @ to 5, whoſe Ratio or Exponent is 
according to Euclid's Way. 


Then X—+=7-is the Exponent of the Duplicate 


b 
well 


>| > 


3 
aud N= is the Exponent of the Triplicate | * 
| Proportions, tc. | 


And if there are three four, or more Quantities in , as 
I . 4.44 . aaa . a+. a5, &c. (as in the firſt Series, Sect. 2. of 
the laſt Chapter). Then that of the firſt to the third, fourth, 
and fifth, c. (viz. 1 to 4%. aaa . a+. a5) is Duplicate, Tri- 
plicate, Quadruplicate, Cc. of the firſt to the ſecond (viz. of 1 
to aʒ) and by Inverſion, that of the third, fourth, fifth, is Du- 
plicate, Triplicate, &c. of that of the ſecond to the firſt (a to 1.) 
per Def. 10. Eucl. 5. But the Name of theſe Proportions wi 
appear more evident, and be eaſier underſtood when they are 
2 to Practice, and illuſtrated by Geometrical Figures, 
| er on. 


Sect. 3. How to turn Equations into Ax ALOGIES. 


ROM the firſt Section of this Chapter, it will be eaſy to 
F conceive how to turn or diffolve Equations into Analogies 
or Proportions. For if the Rectangle of two (or more) Quanti- 
ties, be equal to the Rectangle of two (or more Quannities ; 
then are thoſe four (or more) Quantities Proportional. By the 
16 Eucl. 6. That is, if ab = cd, then is @:c::d:6, or 

14 :: 5: d, &c. From 1 general Rule 
for turni uations into es. 
** Cc 18 RULE. 


RULE. | 


Divide either Side of the given Equation (if it can be done) into 
two ſuch Parts, or Factors, as being multiplied together, will pro- 
duce that Side again ; and make tho 3 two Extreams. 
Then divide the other Side of the it can be done) in 
the ſame Manner as the firſt was, and ht two Parts or Fac- 
ters be the two Means. 


For Inſtance, Suppoſe ab-jad—=bd. Then a:b:: d: AH, 
or b:a::b+d: d, &c. Or taking 4 d from both Sides of the 
Equation, and it will be ab=bd—ad; then a: d:: b—a : b, or 
b:d::b—a: a, &c. | 

Again, ſuppoſe ae-þ 24e==2by-yy. Here à and ac are the 
two Factors of the firſt Side in this Equation ; for a+2eXa= 
aa+24e. 
Again, y and 2þ+y are the two Factors of the other Side; 
therefore, a:y:: 269 : a+2e, or 2615: e:: a: , &c. 

When one Side of any Equation can be divided into two Fac- 
tors, as before; and the other Side cannot be ſo divided, then 
make the Square Root of that Side either the two Extreams, or 
the two Means. For Inftance, Suppoſe ppoſe bc-+bd=da+g, then then 
25 Vor Vda+g:b::ctd:Vda + g, 

c. 


CHAP. VII. 


Of Sussriruriox, and the Solution of Qu aDRATICK, 
EqQuAaT1IONSs. 


Sect. 1. Of SUBSTITUTION. 


HEN new Quantities, not concerned in the firſt Stating of 
any Queſtion, are put inſtead of ſome that are 

in it, that is called Subſtitution. For Inſtance, If inſtead of 
V be—dc you put z, or any other Letter; that is, make z= 
Vhc—dc Or ſuppoſe aa-ba—ca+da=dc, inſtead of b—c-+d4 
put 5, or any other Letter nat engaged with the Queſtion, 
viz. s—b—c+d, then a ==, That is, ded. 


- 


than l fd, it is aa ard; but if bd be greater than c, then 
it is a- Ac. 
And this Way of ſubſlituting or putting of new Quantities 
inſtead of others, may be found very uſeful upon ſeveral Occa- 
ſions; viz. in order to make ſome following Operations in 
the Queſtion more eaſy, and perhaps much ſhorter than they 
would be without it, as you may obſerve in ſome Queſtions 
hereafter propoſed in this Tract. a 

And when thoſe Operations, in which the ſuſtituted Quan- 
tities were aſſiſting or uſeſul, are performed agcording as the 
Nature of the Queſtion required, you may then (if there be 
Occaſion) brirg the originalor firſt Quantities into the Equation, 
in the Place (or Places) of thoſe ſubſtituted Quantities, which is 
called Reſtitution, as you may ſee further on. 


Sect. 2. The Solution of QUaDrRATICK EQUATIONS. 


WER the Quantity ſought is brought to an Equality with 
thoſe that are known, and is on one Side of the Equa- 
tion, in no more than two different Powers whoſe Indices are 
double one to another, thoſe Equations are called Quadratick 
Equations AdfeQed; and do fall under the Confideration 
three Forms or Cafes. 


Caſe 1. aa+2ba= dc. . 2ba*=d. 
Mu 


Caſe 2. aa—2ba ak. a*—2ba* Ar. 

Caſe 3. 2ba—aa=a. 2ba*—a*=4c. 
T A.) | a FC aa A.) 
. And ſ $.-2ba*=dc. > &c. 
2ba* —a*—dc 2644 k. 


When there happens to be more Terms in one of theſe Kind 
of Equations than two, and the higheſt Power of the unknown 


5 — is Cage ey into ſome known Co-efficients; you mult - 


reduce Diviſion; as in Sect. 4. of Chap. 5, and for the 
Fractional Quantities that may ariſe by thoſe Diviſions, ſubſti- 
tute another Quantity doubled. 

For Inſtance, baa + ca — ca — da=de+cb, then aa— 


—4 a 'd b c—d | 
rn Make = = 2 Xx, and if yeu plea'e, 


Cc 2 fas 
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. 
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e | 
for ce put 2. Then will aa — 2xa=z be the new Equa- 


tion, equal to the other, being now fitted for a Solution. 
Now any of theſe three Forms of Equations being thus pre- 

for a Solation, may be reduced to ſimple Powers by caſt- 
ing off the ſecond or loweſt Term of the unknown Quantity ; 
which is done by Subſtitution ; thus, always take half the known 
Co- efficient, and add it to (Caſe 1.) or ſubſtra& it from (Caſe 2.) 
its fellow Factor; and for their Sum, or Difference, Subſtitute 
another Letter ; as in theſe. 


Let] i[ao-j-2ba=d Caſe 1. 
Putz E=. 

28. 3 4 26 Jer 

3 — IAIS =- 


4-1-4. s bb. fe 
gun |. = V bb + ac 


2 and 617 
J=—=bls 


a-+b = V bb + dc, per Axiom 5. 
a= Voeo+a: 


Let| 

Putz] 
28. 

3—1 

4 4. 

Fun 

2 and 6 

741 


In Caſe 3. From Half the known Co- efficient ſubſtrac̃t its 
fellow Factor. 


Thus, Let 1| 26a—ac=dc 


Pat |2]h4—a=e 
28. => 
1+ 3]4}5b=de-|-ee 
4—445 | 


And this Method holds good in thoſe other Equations, wherein 
the higheſt Powers are , a*, a*, &c. As, for Inſtance, 


as Cab Caſe 1. 
Put] zla +b=e 
2G-*[31a*+2ba* |bb=ee 
3—114\bb=ee—dc 
5 n 


The ſame may be done with all the reſt, Care being taken 
to add, or ſubſtract, according as the Caſe requires. 

But al: Quadratick Equations may be more eaſily reſolved by 
compleating the Square, which is grounded upon the Conſidera- 
tion of raiſing a Square from any Binomial, or Reſidual Root. 
(See SeQ. 5. Chap. 1.) Yiz. if a+b be involved to a Square, it 
will be ot abet bs: and if a—b be fo involved, it will be ag— 
2ba+bb. Whence it is eaſy to obſerve, that aa+2ba=de 
(Caſe 1), and a&—2ba=dc (Caſe 2), are i ect Squares, 
wanting only 55 to make them compleat. And thererore it is, 
that if half the known Co-efficient be involved to the ſecond 
Power, and the Square be added to both Sides of the Equation, 
the unknown Side will become a compleat Square. 


« | Here half the Co-efficient 


2b is b, which being ſquared, 
is 65. 


r 
"TE 1 - 66 Caſe 1. 
4-6 = Vat + bb, ben 


Algebra. Pert I. Ch. 8. 
1 
„ 


1＋3 - 
Jus? Vi -+ 3b, &c. as before. 


But in Caſe 3. you muſt change the Signs of all the Terms 
in the Equation, 


1 | 2ba—aa=dc 8 
22 
4 &c. 


, eee holds true in 
thoſe other Equations. 


05 


e &c. 


__—_— 


COROLLARY. 


Hence it is evident, that whatſoever Method is uſed in 
2 (or indeed any other ) Equations, the Reſult will fill be the 
fame, if the N rk þ be true; as you may obſerve from the Operations 
— Section: for both theſe Methods bere propoſed, give the ſame 
in as reſpective Caſes for the Value of f a). 


'Thus 


Of Qu 1 rich E IT te 
Thus, when, a- FCA, then 
Theorem 1. a= V de + bb; —b 
And when aa—2ba=de, then 
Theerem 2. a= b + V dc + 66 
Again, when 2ba—aa=d, 
Theorem 3. a = b— V bb — 4 


The like Theorems may be eaſily raifed for the reſt. 


If the known Co-efficients (of the ſecond or loweſt Term) be 
any ſingle Quantity, as a- Cha- de, &c. then is 36 its Half, and 


144 will be the Sqare of that Half; that is, 35 X $6 = {66g 
and then the Work will ſtand 


Note, C & placed in he Margnaginl he rot Sp i: 
nifies that the imperfect 


Square aa i in the firſt Step, is 
there compleated, viz. in the ſecond 


Now by the Help of theſe Theorems, it will be eaſy to calcu- 
late or find the Value of the unknown Quantity (a) in Numbers. 


EXAMPLE I. 


Suppoſe aa 2ba=z. Let 216, and z=4644. 
Then a= Vz-+66: —b per Theorem 1. 
But = +b6=4644j-256=4900, and V 4900=70 


4=70—16, viz. 254. 


But every Adfected Equation, hath as 2 

Values of the unknown Quantity) either real or imaginary, as 

are the Dimenſions — of its higheſt Power; and 

* in this Equation hath another Value 

either Affirmative or Negative; which may be thus found. 

The given Equation is 4 ＋ 32 = 4644, and its Root 
4- 


hs 
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| Thus, ae+324—4644=0s nj 059mm 
Then divide the given Equation by its firſt Root, and the 
Quotient will ſhew the ſecond Value of 4. 


Thus, a—54=9) aa-+324—4644=0 (a-{-%=0 


Canoe, 44 
ae + bdoa—4q 044 
| $64—4644 


O) 


Hence the ſecond Value of ais = — 86, or 86 = — a which 
impoſſibie, viz. that an Affirmative Quantity ſhould be 
a Negative Quantity; — dy this fhverad Value of 
md the fime Ooalliticns, 6— tre como And 


Thus, Let. l= —86 
18. [ 17396, viz. —86x—86=+7395 


1&ð 323 32a==—2752 
2-+ 3]4]aa-{-324=4044, as at firſt. 


EXAMPLE 2. 


2 aa——Ta=9g48,75, then per Theorem 2. 
_— 


3+35 


Again, for the ſecond Value of a, let az — 7a — 948,75 = 0, 
and @—34,5=0. Then 
4—34:5=0) aa—74—948,75=0 (,o. 
Conſequently this ſecond Value is a= — 27,5 which will form 


the original Equation, aaq—7a=948,75 if it be ordered as the 
laſt was. 


ag—7a + $*=948,75j $*=g61. 
zja—” (or 3, g61=31 
a= ZI+3,5=34,5 


* 


EXAMPLE 3. 


Suppoſe 36 « — 2 243. then per Theorem 3. a = 18 
— * 3223, viz. half 36 ſquared is 324, &c. that is, 
2218 — Fr; but V 51, therefore a= 18 — 9 = 9. 
Now this third Form is called an ambiguous Equation, becauſe 
it hath two Affirmative Values of the unknown Quantity {a ), 
both which may be found 3 

ny 


Of Quadratick Equations. 20 
before. For in this Caſe, a=18+y81, viz. a=18+9=27, 
or, a=1i8—9=9, as before. AS T6 heke Values of 4 are 
equally true, as to forming the given Sag) «per 
==243. For if a=g, then t, 33243 324 
—$1=243, therefore a=g. 
Again, if a=27, . 4.508. es en But 

72—729 conſequently it ma a=27 ei- 
ther of t E Vatues of + may be found by Divifion, as thoſe 
were in the ether tow Cite, corel ham dike Bet Road by the 
Theorem. Thus, let 364 — aa — 243 = o, and 9— o, 
then g—a=0o) 36a—a8—243=0 (0—27=0 
9a a 


— 


274—0—243 . 
87 243 


© (0) 
Hence, if a—27=0, then a=27, as before. 
Notwithſtanding all Quadratick Equations of this third Form 
have two Affirmative Roots (as in this) yet but one ct thoſe 
Roots will give a true Anſwer to the Queſtion, and that is to be 
choſen according to the Nature and Limits ot the Queſtion, 
as ſhall be ſhewed further on. 


SCHOLIUM. 


From the Work of the three laſt Examples, it may be obſerwed; 
that the Sum of both the Roots will always be equal to the Co-efficient 
of their reſpegtive Equations, with a contrary Sign. 


——_— 
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Hears it is evident, that if either the Roots he ſound, the 
other may be eaſily had without Diviſions. 

If the Contents of this Section be well underſtood, it will be 
eaſy to give a Numerical Solution to any Quadratick Equation, 
that happens to ariſe in reſolving of Queſtions, c. And as for 
giving a Geometrical Conſtruction of them, I think it not pro- 
per in this Place; becauſe I here ſuppoſe the Learner wholly 
ignorant of the firſt Principles of Geometry, therefore I ſhall 
3 


CHAP. IX. 


Of AnaLys1s, or the Method of * PROBLEMS exem- 
plified by Variety of Numerical QUuesTIONS. 


N.B. ERE 1 aſe the „ Ben s of the 
1 H li. to repreſent the ſame in all Ve- 


If 2 repreſent any Number * 
Viz. | Ang c reprefent 2 leſs Number J orother Qantity, 


a-|-e=s their Sum. 
a—ec=d4 their Difference. 
ac=p their Product. 

Then let a F 
— their Qpoticat. 
aa ce: the Sum of their 


Any two of theſe fix (s, d, p, g. =, x) being given, thence to 
find the reſt ; which admits, of fifteen Variations, or Queſtions. 


Dueſtion 1. Suppoſe and d were given, and it were re- 
quired by them to finds. . p. . Z. and x. 


ee Sig] Then 
3]2a=5+d=432 
= +=216, here @ is found. 


Queſtion 2. Let : and þ be given to find the reſt. 


1 | Quære a . 4. . . 


3 ae Cr $7600 
4 20736 
5 =51—4S= 36864 


og 


Queſtion 3. Suppoſe 3 and g, are given to find the reſt. 
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Queſtion 4. Let - and be given, to find the reſt. 


1 


5 


i-þe==s. 2240 
E — p+ ph 4. 


42 + ze + te = 54 
Zac = — 


2 2e 


— 2 


Hz —- A = A 


n Dd and 1 
there. 


Queſtion 35. When 
s and x are given, 
ren, to find the reſt. 


Fiz. | . 3.6 Ganges 240 
| | 2 } Quare 4.5 5. 
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LQveſtion 6. Suppoſe d and þ are given, to find the reſt. 


Fiz. | — 3 Quare @. e.5. 9.4 -#: 


2X4 4ae=4p 
3+4 2a6-ee=dd-j-ap 


sun 
6-+1 


— 42 


| 


r+7] "x" 
P -+} Lacs Big 


| mee m——_— 

Blink. = #2541) «tap 

10G» [13 — 
124-13} 14|a@-þee=dd-ſ-2p=2z 


7x9 


H—12j1 
— e 
— 
— 1 
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Queſtion 9. Let d and x be given to find the reſt. 


ay 


— 


a 4 2p--V — 


Queſtion 12. Let þ and x be given, to find the rf 
Pas. | I =p=5rkg 
2 —=—==2- 


188. 3 la 


„ ( a. 6. &. | k 


Ee ; 28.7 


10=13 


10-13 
g9-+12 


Theſe fiſteen Queſtior are pre poſed in Dr. PelPs Algebra ; 
but he purſues only the firit Queſtion throughout, and breaks 


off in the other fourteen, after the Values of what I call a and 


e are found. But I have proceeded in every one of them, to find 
| the 


1 
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the Value of all the unknown Quantities, becauſe they afford 
ſuch Variety, as being well obſerved by a Learner, will be found 
very u'eful in the ion of moſt 
Note, I have choſe to uſe the ſame Numbers for the reſpective 
Value of each Quantity throughout all the Queſtions, becauſe 
they will be more ſatisfactory in proving the Work than various 
Numbers would have been. Not but that Numbers may 
be taken at Pleaſure, provided that the Number repreſented 
by a, be greater than that by e, & c. I have omitted the Nu- 
merical Calculations purely tor the Learner to praC.ife on. 


Queſtion 16. Tres are two Numbers, the Sum of their 
Squares is 2368; and the greater of them is in 
tc the luis, as 6 to 1. What are theſe Numbers? 


Let a = the greater Number, e the leſſer, and z =2368. 


| 
and e= 8 
a 2304 
e 
as + e = 2302 
and 48: 8: 6:1 


en 17. There are three Numbers in continued Pro- 
= , ing Sum of the Extreams is 156, and the Mean is 72 ; 


u 2ic the two Extreams ? 


That is, Suppoſea.m.e in T, and m=72, 


| 1]a+e=156=5 } by the Queſtion. 
Then | 7 } Dandpuypne 4 
2 . 2 = 
FS Þ-— 
5 ae = 


Queſtion 18. There are three Numbers in , their Sum is 
74, and the Sum of their Squares is 1924; What are thoſe 
Numbers? | | 


That is, a, e I» are in = 


— 


4 E= 4 
a- e e e 94 6 Quere a, e, 3. 


22022629 


8 a 
1 —— 
za yj=Z—ee 


2 20 

— 2 yj=S-]-ee 

2a-þ 2a5-| = = a 
—— 


1— 
2— er 
4 2 
6-1-7 
58. 
8 and g 
10 


11—2. 


58/13 

13 8 14 12 24 C= 2500 
4X4/15] 4 2304 

14— 1510 aa—2zay-|-yy=1 96 

1617 — 196=14 
13 E17118 2a=50-|-14=64 
18—2 64232 a=13 
13—ig|20jy=50—32=18y {| y=32 
Note, in all Queſtions about continual Proportionals, (either 

Arithmetical or Geometrical) where three Terms are ſought, the 


Mean is the caſieſt found firſt (as above) and if all the Terms be 
Affirmative, then it is equal whether the firſt or laſt Term be 


the greateſt. 
Queſtion 


— — 
w Onerr 


— . 
. 
2 
| 
a 
| 
> 
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DQyef jon 19. There ae three Numbers in- S their Sumis 76 ; 
and it the Sumof the Extreams be multiplied into the Mean, that 
Product will be 1248 ; What are thoſe Numbers ? 


ye-|-p=1 248 
x * 
I xe $51 ae-j-ee-|-ye=5e 
g=I 
6—5e 
7C $95=315—p 
Sun 17 . 
6 — 5 pas per Theorem 3. 
| 15+ * 24. 2 8. 
2— 1011 == 7 Fri 2 
421 ana 2304 
118.5 ” a = 2704 


13——12]14|42— Zay--ry = 400 ' » 
14 .- = 20 
11 E152 = 52-20 272 | 
16 — 2 [17}a=36 © CREE 
11—17]i5þj=52—26=16 —— 


N. B. If you take mb =E =52 (at the roth Step) 
then it will be 76—52=2 which is impoſſible, vix. 
that the Mean ere the Sum of the two 
Extreams. Therefore it muſt be e=z5—y n (See 


page 201.) 


eftion 20. There are three Numbers i in Arithmetical Pro- 
gre the firſt being added to twice the ſecond, -and three 
times the third, their Sum will be 62 ; and the Sum of 2 a 
Squares is 275; What are thoſe Numbers ? 


i|a, e, y in Arithmeticat Progreflion 


2 ＋ = 62 Qi fi 
s . "gp 


- — , 
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3—11 
12 F 20e 
13— 372: 


.f , 
= n, the Mean. 

S =, or 87 
=36, or 347 | 
20[2=:36—31=5, or 345—3Zi=35% 
21[2e=183, or 175 2 


22þ=31—18=13, or 31—#73}=145 


weſtion 21. There are three Numbers in Arithmetical Pro- 
on; the Square of the firſt Term being added to the Pro- 
duct of the other two is 576; the Square of the Mean being 
added to the Product of the two Extreams, makes 612; and 
the Square of the laſt Term being added to the Product of the 
firſt into the ſecond, is 792: What are thoſe Numbers? 


Suppoſe] * in Arith. Progreſ. as before. 
2 5 ä 


by the Queſtion. 


As * 
LE 


3 ＋ 12 
ae =792 


2e, per dect. 1. Chap. 6. 


8,]17/aa-+y=1368—2re=720 ben 
10,113} 2ya=1224—20=576 | | * 


_ 
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144=12 

5 En 
Queſtion 22. It is required to find two ſuch Numbers, that 


the Sum of their may be 82261; and their Product 
being added to the Square of the leſſer; may be 69211. 


Viz. 1 E rl 


— 


2 —26 — 703025 


=$8226,5—aa 
—261086+ 170302 — pag—at 


5418,25 L73393 58,2656 6494365 
2709, 125 = 6487845,7656256—2547, 125 
A ＋27&c. I FH = 2709, 1252547, 125 

Suppoſe r6jaa=2709,125+2547,125=5256,25 

Thenf izle 5256,25 272, 
— 2225 — 5256 ,25—1395=54.5 
4 72,5 _ 

2709,125—2547,125=162 
/ 162=12,72 &c. 

I 62—1395 


Thenſ2zx]e = ————, which is impoſſible. 


12,72 
Therefore =72,51 | 
And 284, | at the 17th and 18th Steps. 


This Queſtion may be performed with leſs Trouble, by ſub- 
ſtituting Letters for the known Numbers. 


aa|-ee—=2 
Pix, zu, ben let, =—p=d=aa—ar, 4. 
Ff Queſtion 
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Queſtion 23. It is required to find three ſuch Numbers, that 
the Sum of the firſt and ſecond being multiplied with the third, 
may be 37824; and the Sum of the ſecond and third, multi- 
plied with the firſt, may be 59944 ; alſo, that the Sum of the 
firſt and third, being multiplied with the ſecond, may be 52456. 


Let a, e, y repreſent the three Numbers. 


1ay-bey=37824=6 
Then þ 2 e, Ware 6, 6, 
3] 47 ye =52456=d 
1-j-2-j-3t AA E 
Lei} 5|2=b+c +4 
* b+c+d 
4 — 2] 6 T= 2 
— 24 
6—3 972 —ĩ— 
2 — 24 
7T—a; ff = — 


X 
24 4a 
— 24 —22＋-4 


Wa 2 


2 
== 


55696 


Queſtion 24. It is required to ſind two ſuch Numbers, that their 
Sum being ſubſtracted from the Sum of their Squares, may leave 
143 and it their Product be added to their Sum, it may make 14. 

Let à and e be put for the Numbers, and let z=a+e 


Then Eil ju Wei 


1 


Is vH; 
13] +{=y/ 42,25=6,5 


Queſtion 25. Three Men diſcourſing of their Money 
the firſt, if Teak were added to my Money, it would be as 
much as both your Money put together ; faith the ſecond Man, 
if oO. were added to my Money, I ſhould have twice as much 
as both you have; faith the third Man, if 100. were added to 
my Money, I ſhould have then three times as much Money as 
both you have : How much Money had each Man ? 


Let @ repreſent the firſt Man's Money, e the ſecond, and y 


the third. 
Ia Io = e y 
Then ö 216 —_ by the Queſtion 
3], y+100=3a-+ 3e 
I 44 +Yy — loo ==. 
51242 + — Quare 6, e, , 
3] 63 + 3e —y=I00=s 
4and 6} rej y—a=3a+3e=p 
7-H 8[2y=4a-+2e 
— 2a 2 2 Sn 4 2. 
= 
4011 12a+46=25=200 


Ff 2 10 cã 
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10x 4 [12,748 +46=49=400 
12—11|73 224=25==200 


13 — 22 je = em. 
10— 64115 rr 
s 2 [16] ae te = 


firſt of. 1. 9 N. 
Anſwer. The la- Man had Fo gs. 17d. 
third 64/. 125. 8774. 
Queſtion 26. Three Men have each ſuch a Sum of Money, 
that it the firſt and ſecond Mens Money be added to Half of what 
the third Man hath ; that Sum will be gal. And if the ſecond 
and third Mens Mency be added to one third Part of the firſt 
Man's Money, that Sum will be g2/. Laſtly, if one fourth 
Part of the ſecond Man's Money be added to the firſt and third 
Mens Money, that Sum will alſo be g2/. How much was 
each Man's Money? 
Put à for the 1% Man's Money, e for the 2d, and y for the 3d. 


24 = 
een dne and 1=92 


. — 
TeD 
4 = 
S C2 
4 
| 42 36＋ 335=35 

8—7 91a ＋ 3e=35—44 
9— 410 362 3 — 5 


[ 


3 X4|12 4 44-{-49=4=368 
I2—2!13!3%a-|-3y=35=276 
13 and 7|14|334j4a=35=276 

14x 3 |15|11a-+124a=9g5=$S28 


15—23.16ʃ2 = 6 the if Man's Money. 


11, 8 8 eee 
1 


7 + 3 |18| = ==. the 34. Man's Money. 


Queſtion 
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eftion 27. Four Men walking abroad, found a Purſe of 
Shillings only, out of which every one took a Number at an Ad- 
venture; afterwards by comparing their Numbers together they 
found, that if the firſt took 25 Shillings from the ſecond, it would 
make his Number equal with what the ſecond had then left; if* 
the ſecond took 30 Shillings from the third, his Money would then 
be triple to what the third had leſt, and if the third took 40 
Shillings from the fourth, his Money would then be double to 
what the fourth had left; laſtly, the fourth taking 50 Shillings 
from the firſt, he would then have three times as much as the 
firſt had left, and 5 Shillings more: It is required to tell how 
many Shillings each Man had. 

1 Put @ for the firſt Sum, e the ſecond, y the third, and « the 
ourth. | 


thaſ-25= e— 25 
2]e | 30=3y— 90 , 
Then 3[94ccmze— bo by the Queſtion. 
+ 4,4--54=3a—145 
1＋25 5 — — 
2—30 6 — 
5 and 6] 7 a-|-50=3y—120 
7--120| 8ja-þ170=3y 
— 42 + 170 
* 9] y= ; 
* 222 —120 
3400 588 


8 14428233 4—195 


13 and 14/15 —1935 ——— 


184 irre 0 
16-|-|17'z-a=1700 * 

28 . os the I 

by the; |19/e=150 24( . 

by the hae 9 3d Man's Number of Shillings. 

by the 14/21 8106 ach 


Queſtion 
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Queſtion 28. Four Men had each a Sum of „which 
being put all together makes 250 Pounds; and if to the firſt 
Man's Money be added 8 Pounds, it will be juſt as much as the 
ſecond Man's Money decreaſed by 8 Pounds, and as much as 8 
times the third Man's Money, ard but as much as one eighth 
Part of the fourth Man's Money ; how much had each Man ? 


Let a, e, y, u, repreſent the four Mens Money. 


* 


3 


þ6—=8$, or any other Number at Plea- 


o4 4464.9 why lt the Queſtion. Let 5 = 250 and 


a 

by the 5, 145 = wo a =3,086419 &c. 

by the 6,1 ß 1 ba bi, 530864 &c. 4 
4. 


a= 16 13 992592 
That is, e — 32 . 13 . 9,92592 


3 J - 1 . $,7goc;6 
197 - 10 - 7,49739 


#=249 * 19 s 
opoſed in the Queſtion. 
Now what it wants of that Sum proceeds from the Imperfection 
of the Decimal Parts being not continued on to more Places, 
which would have brought it nearer the Truth, tho' not per- 
haps exactiy fo. Sei. 5. Chap. 5. Part 1. | 

Queſtion 


Conſcquently a-þe-- 
which ſhould be juſt 2504. the Sum o- 
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Queſtion 29. Several Merchants enter into Partnerſhip, every 
one put into the Stock 65 times as many Pounds as they were 
Partners; with that Stock they traded and gained as many 
Pounds per 100l. as they were Partners. Now if 10. 10s. be 
added to, and ſubſtracted from, their Gain, the Product of that 
Sum and Difference will be 6491/. 6s. 3d. 


NQuere, How many Merchants there were, c. 
Let} 1} a= the Number of Merchants. 


6c 2|65a= every one's Sum put into Stock. 
9 3|65aa=the whole Stock. 


: 1 
6 
Viz. $| == the whole Gain. 
— 6g aaa 
5+10,5 B 
J 


9 —.— aaaaaa 


: —119,25=6491,3125, by Queſt. 


810000 9 422545 —1102500=64913125 
9+|10[42254%*=66105625 
66105625 


10-4225 1114⁵ = — 05605 
11/12 15625=5 the Number of Merchants. 
12x65|13|654=325 the Number of Pounds each put in. 


Jen 30. Three Merchants join Stock together ; the 
firſt 's Stock was leſs than the ſecond Man's by 1 3/. the 
ſecond and third Man's Stock was 175/. in trading they gain 
487. more than their whole Stock was; the firſt Man's propor- 
tional Part of the Gain was 78. What was each Man's Stock 
and Part of the Gain? 


Let a, e, y, repreſent each Man's Stock. 
the whole Stock. 
Then | 1 the whale Gain. 


42113 
| 133 dy the Qeattien. 


qe 5ja+Hely=175 + & 
Land 3 6175. 


6 and 2 
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6 and 2| 748223 C4 
But] 8 1754: 2234: : a: 78 per Queſtion. 
8*.*] 9 aa 223a=78a-136550 
g—78aliolaa+145a=13550 
10 CO 11laa+1450+5256,25=18906,25 
11w*|12/a+72,5=v 18906,25=137,5 


12—72,5|13|a=137,5-72,5=65 
3,|14\e=a+13=78 
4—14|15|1y=97 
I Then! 1655 :78 :: 78 : 93. Iz. es Gain. 
in 1766: 78 :: 97 : 116¼. 8. s Gain. 
Proof 8 1 16/4. 87. C93“. 125.--78/=288/. the Gain. 
0 '19|65+78-j+-97=240, the whole Stock. 
18—19 20|288—240=48 the Gain more than the Stock. 


Queſtion 31. A Father at his Death left his three Sons his 
Money in this Manner; to the eldeſt he gave half of it, wanting 
44 Pounds; to the ſecond he gave one third of it, and 14 Pounds 
more; to the youngeſt he gave the Remainder, which was leis 
than the Share of the ſecond Son, by 82 Pounds: What was 


each Son's Share? 
Let a, e, 5, be the three Shares, and z = the whole Sum? 


e 
Then J 3% 14 ö by the Queſtion, 


2 
| - 722 ＋14—82 


.U 4 
28 2 
a 3 


e 
1 5 == T+>—9 


— 2 
6 7 n — 294 
7x2] $[62z=42-þ 32—588 |» 
8+ 9;\z=588, the whole Sum that was left. 
2 and g ro a= TI 4.250. the clit Son's Share. 
3 and 9111 = | 14=210, the ſecond Son's Share. 
4 and 9|12| z=53*% þ-14—82=128, the youngeſt, &c. 


- 


Queſtion 32. A Man playing at Hazard or Dice, won the 
ſirſt Throw juſt ſo much Money as he had in his Pocket; the 


fecond- Throw he won the Square Root of what he then had, 
and five Shillings more ; the third Throw he won the Square 
of all he then had; after which his whole Sum was 112. 16s. 
What Money had he when he began to play ? 

| @= his firſt Sum. Then 


I 
| 2]2@= his Sum after the firſt Throw. 
3]5+y/ 24= the Winnings at the 24 Throw. 
4 
5 
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2a+5-+V = the Sum after the 24 Throw. 
4aa-+ 22a-j25-+4ay 24 : I 2a= the Winnings at 
the 34 Throw : and therefore 


4+5| 6]400+24a+30-+4ay 26+11V 20=2256 Shill. 


But to avoid theſe Surd Quantities, let us, inſtead of fup- 
poſing a = the firſt Sum, make a ſecond Trial, viz. 


2aa= the firft Sum. 

2|4aa= the Sum after the firſt Throw. 

3 2 f the Sum won at the 24 Throw. 
12 his Sum after the 24 Throw. 
5 


I6a*- 164%-þ4440+ 20a-|-25= the Winnings at the 34 
Throw ; and therefore : 
6!16a*-þ 16a*+48a8-|224--30=2256 Shill. 


Vet again, to avoid theſe high Equations, let us make a third 
Suppoſition ; thus, 


31% ss the Winnings at the 24 Throw. 
aas the Sum after the 24 Throw. 


, 5! 
5 and 10/1 1 8 =47 


The Shillings he had in his Pocket when 
he began to play. 
8 g Note, 
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Note, In reſolving of the laſt Queſtion, I have made three 
different Suppoſitions for the Thing ſought, as ar In- 
tance, to ſhew the young Learner how well he to con- 
ſider the Nature of the Queſtion, when he firſt ſtates it, and 
make choice of repreſenting the Thing fought, ſo as to avoid 
running it into Surds, if poſſible, vi. as in the firſt Suppoſiti- 
on of a= the firſt Sum, &c. Not but that fuch Equations 
may be ſolved as ſhall be ſhewed in the next Chapter. Howe- 
ver, itis moſt like an Artiſt to perform Things of this Nature 
the neareſt and eaſieſt Way they can be done. 

Dneſtion 33. Suppoſe there were two equal Circles, whoſe Pe- 
ripberies (viz Circumferences ) are divided into 44310 equal Parts; 
and that thoſe Circles were jo placed upon one Axis, as ie move the 
contrary Way to each other; and ſuppoſe ane of them ta made but 
one of theſe equal Parts the firſt Day, two Parts the ſecond Day, 
three Parts the third Day, and fo on in Arithmetical Progreſſion, 
VIZ, I's 23 35 4» 55 &c. and the atber to move every Day the Cube of 
thoſe Parts, 13 8, 27s 64, 125 &c. of the ame Parts ; How ma- 

Parts and how many Days muſt each Circle move, before the 
ame two Points meet that were together when they began ts move * 

In order to give a ready Solution to this Queſtion (or any 

other in this Kind) it will be convenient to premiſe this Lemma. 


*LEMM A. 


The Sum of any Series of Cubes whoſe Roots are in Arithme- 
tick Prog reſſion (the firſt Term, and common Difference being 
Unity or 1) is equal to the Square of the Sum of all thoſe Roots. 

As in theſe 

Terms in Arith. Se. Their Cubes. 


I I 
2 8 

3 = 

4 64 

5 12 

6 216 &c. 


21 X 21 = 441 Sum of their Cubes. 


a= the Sum of all the Parts the 1 Circle moves. 

:12a= the Sum of all the Parts the ad moves. 
31aa-j-a=44310 by the Queſt. ( per Lem. 
44a H Ao. 25 844310, 25 


Let 
Then 

Ce nſequen 
2 CU 


au. 
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310,25=210,5 
— 114 þ he Number — APE: WTR 
bus „ aca 


Next to ſind the Number of they moved; there is given 
the ſirſt Term t, the common Difference =1, and the Sum 
of all the Terms =210, thence to find the laſt Term, which 
in this Caſe is the ſame with the Number of all the Terms. 

Let a=1 the firſt Term, e=1 the common Difference, and 
5=210 the Sum all the Terms, to find y = the laſt Term; as 


— Sect. 1. Chap. 6. Then yy+ey=25+aa—eae by the 16 2 


age 186. that is, yy+y=210X2=420, &c. Hence y=20 the 
Number of Days required. 


** 8 — —— 


I ſhall now proceed to give an Example or two of the Methods 
uled in arguing about unlimited Queſtions ; viz. ſuch Queſtions 
which admit of various Anſwers, ſuch as thoſe in Ali gat ion A- 
ternate promiſed in Page 117. 

In order to ſhorten that Work, it will be convenient for the 
Learner to know the two Signs of Compariſon, 7 and C. The 
Sign 7 is of GREATER THAN ; as b > @ fignifics that þ is 
greater than a. The Sign Lis of Lesstk THAN; as b L A4 
ſignifies that ô is leſſer thar d, c. 


EXAMPLE 1. 


Dueſtion 34. A Tobacconift hath three Sorts of Tobacco, viz. 
one of As. 8d. the Pound, another of 20d. the Pound, and a third 
Sort of 16d. the Pound; of theſe he would make a Mixture to 
contain 56 Pound, that may be fold for 22d. the Pound: How 
much of each Sort may be take Þ 


* 


Let a = the Quantity of that worth 32 Pence the Pound, = 
that of 20 Pence the Pound, and z= that of 16 Pence the Pound; 


Then a-+e+ y=56 


into its own Price, equals their 
And 32a20e+16 y=1232 


Sum multiplied into the mean 
Price. 


"= each Quantity multiplied 


-» 


G g 2 This 
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* Bas it — — TIS . 


one of theſe three Letters, a. e, y, there may be taken any Num- 
ber at Pleaſure, provided it be leſs than 56. But although that 
may be truly done, yet thereare ſeveral Ways of arguing about 
theſe Sorts of Queſtions, which will limit or bound them to all 
their proper or poſſible Anſwers in whole Numbers. Thus, 


Let} i|a-|-e- y=56 
4 Ler- _ 


1 37 E75 286—2 
2—324|4h202-j-16 y=1232=—324 
341 5 162-]-16 y=896—16a 

Go 


4— 5 44=330—16a 
od A e=84—442; hence L 21 


3—7ʃ8 J=34—9% 3 hence 427 * or 91 


From the two laſt Steps it appears, that the Quantity ſigni- 
fied by a, ought to be lets than 21, and greater than 94 ; that 
is, any Number betwixt 94 and 214 may be taken for the Va- 
Ine of a: Conſequently there may be eleven Anſwers to this 


Queſtion in whole Numbers. 
Supf ofe a=10, then e=84—40=44, per 7th Step; and 
=30—28==2, per 8th Step. Again, if a=11, then e=84— 
44=40, per 7th Step, and y=33—28=5, per 8th Step; and 
fo on for the reſt, which will be as in the following Table. 


— 


oy | | a | 
*[*Þ] [-1-Þ1 [EÞ] 
| 18 26 


10144] 20 114128ʃ·4 
rg} 8029 
a] 4p 


1 1]4O 15124117} 
12136 8} reo 
13032 7 2 
"Thus it will be eaſy to find out and collect all the limited An- 
ſwers to any Queſtion (of this Kind) wherein there are only 
three Quantities propoſed to be mixed : but when there are 
more than three, then the Work requires a little more Trouble ; 
becauſe the ſingle Limits of all the Quantities above two muſt 
be found; that is, if there are four Quantities concerned in 
the Queſtion, the Limits of two of them muſt be found; it 
five Quantities are concerned, then thc Limits of three of them 

muſ! be found, fc. As in the following Queſtion. 
Queſtion 
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Queſtion 35. Suppoſe it were required to mix Sorts 
Wines together ; viz. one Sort worth 4 — 4 
Sort worth 4s. 5d. the Gallon, a third Sort worth 3s. 8d. the Gal- 
lon, and a fourth Sort worth 28. gd. the Gallon: How much of 
each Sort may be taken to make a Mixture of 63 Gallons, ſo as that 


the whole Quantity may be ſold for 5s. 6d. the Gallon, without 
Loſs, &c. 


Firſt, let all theſe ſeveral Rates, and the mean Rate, be re- 
duced to one Denomination, viz. into Pence. 
77. 44. = 88d. 4. 74. =55 d. d g 64= 
vi $3 qr pe ge by * 
Put a= the Quantity of that worth 88d. the Gallon ; e—= 


that of 55d. the Gallon 5 = that of 449. the Gallon, and u= 
that of br an 


e+y+a=6; by rhe Queſtion. 
— 2 ofthe e 3u=4158=63x66 
ts 


e+y-b-u=6z3—ea 
+ 44+ 3+334=4158—B88a 


30 $43 3e+33 j-+33#==207g—334 

6]226+11 y=207g=—=554 

2 7] 2 6+ y=15g=—=5a; hence a g or 37; 
3885 = a 


8—41 911 1y3-þ224a= 33a—693 
* y-þ-2u=3a—63 ; hence a 7F or 21. 


From the 7th and 1oth Steps it appears, that the Quantity 
of that Sort of Wine denoted by a, muſt be leſs than 37 f? 


Gallons, and greater than 21 Gallons: that is, it may be a= 
any Number of Gallons betwixt 21 and 37 +. Whence it fol- 
lows, that there may be collected 16 Anſwers to this Queſtion 
from the Limits of @ only. 


Next to find the Limits of e, y, and u. 


Suppoſe[11}a=22, then will 3. 1 10. and 3266 
But|12|2e-|- y=139—5a=79, per 7th Step. 
12—2e|13] y=79—2e hence Y or 39 + 
y-þu=63—a=41, per 3d Step. 
I4—e15| yþa=4l—e | 
15—13|16ju=e—38; hence 7 38 


From the 13th and 16th Steps it appears, that it a= 22, 
then e=39, y=9Jg9—2e=1. and u=e—35=1. : 


Again|2oſ-- y-ju=63—a=40, per 3d Step. 
20—e|21] y+u=40—e 


21—19 34. hence 734. 


From the 19th and 22d Steps it appears, that if a=1 ;, thes: 
e may be either 35 or 36. 


Once more for a further Illuſtration. 


Letſz3ſa=24, then 5a=120, and 3a=72 
But|24|2e-|- y=1$9—54a=69, per 7th Step. 
24— 2525 z=69—2e, hence or 345 
Again z #-|- y--u=bz3—a=: 39, per 3d Step. 
206—e]27] y-þ#=3g9—e 
27—25]28] z=e—39, hence e 7 24 


From hence it appears, that if a=24, then e may be ci! 
31, 32, 33s or 34, viz. it may be any Number betwixt 30 and 
34% by the 25th and 28th Steps; from whence the Value of y 
and u may be eaſily found. 


e=J1 « then y=7 . And u=1 
„if b 32 _ = u=2 
That is, i 3 1 — 
nz J=T . — 


Proceeding on in this Manner with all the other ſingle Values 
of a, there may be found above 120 Anſwers to this Queſtion in 
whole Numbers: and if you pleaſe to put a= Fractions, there 
may be found an innumerable Set of Anſwers; whereas the Rule 
of Alligation in Fulgar Arithmetick affords but only one Anſwer 
in Fractions, to wit, that of 4=31Þ» py 2 u=107 3 
as may be eaſily tried per Rule Page 115, 

Theſe two — being well Ar CH) (eſpecially if the 
laſt be thoroughly purſued may ſuffice to ſhew the Method of, 
limiting the Anfwers to all Sorts of Queſtions of this Kind. I 
ſhall therefore conclude this Chapter of Queſtions with giving a 
a Solution to the Enigma (or Riddle) propoſed (but not anſwered) 
Mr by Johndler ſey. in the Cloſe of the 4 — to his Arithmetic, 

which 
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which affords ſeveral pretty Queſtions, the Solution whereof 
will diſcover a certain Sentence conſiſting of three Words, which 
muſt be found by the help of Figures placed (or ſuppoſed to be 
placed) over the twenty-four Letters of the Alphabet. 
1. 42. 3. 4.5 6. 7 . O., called Indices. 
Thus nn to the laſt Letter. 


So that if the Index to that Letter be once found, the letter to 
which it belongs is conſequently known. 


The Enigma. 


1. If the Difference between the Indices of the ſecond Letter 
of the ſecond Word, and the third Letter of the firſt Word, be 
multiplied into the Difference of their Squares, the Product 
will be 576; and if their Sum be multiplied into the Sum of 
their Squares, that Product will be 2336, the Index of the faid 
third Letter being the greateſt. 


Let] 1/a= the greater Index, ar that of the zd Letter. 
And 2je= the leſſer. or that of the zd Letter. 
Chen | . ann $f. cog 57% } by the Queſtion. 

4 a EN aa + 1e=2336 3) 
XI SIE - -e eee=5 70 
4 of + ane-|aer--ere=2336 
b—5| 7 2 aae-|-2ac =1760 
6—7] $laga-þ zaae-|-zace|-ree= 4936 
bw*] g W met 
| 2 
= 18246 
92er 256 
11— 10112 Zac 110 


19—12|13|aa=2ae-þee=36 

u {14} a—e=1y 36=6 

9-+-1[15| 20=22 — is apjuere, chet he viihee 
15 — 2116 . of the iſt A rd is |, and the 2d Letter of the © 
G—16]17] e= 5 2d Wo-d is e. ; 


Nate, In order to ſet daum the Letters (as they become found) 
in thoir proper Places, it may be found convenient to ſupply the 
vacant Flaces with Stars. 


56 „ 0 es # SS 1 0 


2. The 


722 W Wand Wd es 


232 Algebra. Part.II. Ch.g. 


2. The Indices laſt found, are the two Extreams of four Num- 
bers in Arithmetical „ the leſſer Mean being the In- 
dex of the firſt Letter of the third Word; and the greater 
Mean is the Index of the fourth and laſt Letter of the firſt Word. 
4 - 7.9.11 are the four Terms in Arithmetical 

it appears, that G (whoſe Index is 7) is the firſt 
Lainer of the third Word; and that i (whoſe Index is 9) is the 
fourth or laſt Letter of the firſt Word; which being placed 
down, will ſtand thus, 


* * li 2e * * „ 


3. The ſecond Letter of the third Word is the ſame with the 
third Letter of the firſt Word; and the fifth Letter of the third 
Word is the fame with the laſt Letter of the firſt Word: 
whence the Letters will ſtand thus, 


* * 41 1 Ee 4 GI * * 1 


4. The Sum of the Squares of the Indices of the firſt and ſe- 
cond Letters of the firſt Word is 520, and the Product of the 
fame Indices is ſeven Ninths of the Square of the greater Index, 
which is the Index of the faid firſt Letter. 


Let a= the greater, and e= the leſſer Index. 
Then 1 =520 : 
37 64 5 Þ acrording to the Date. 


$[aa=520—7?aa 
5x81} 6 51aa=421 20—4gaa 


v 
V 324=18, whoſe Letter is 5- 
3a=14, whoſe Letter is 0. 


Hence the Letters will ſtand thus, 
Soli * en» G. te 


5. The Difference between the two laſt Indices, is the In- 
dex of the firſt Letter of the ſecond Word, viz 18—14=4 be- 
ing the Index of the Letter D. Then the Letters will ſtand thus, 


Sali Do l. 1 
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and laſt Letter of the ſecond Word, alſo the 


the third Word, are the ſame with the ſecond 
Letter of the firſt Word; hence the Letters will ſtand thus, 


Sali Deo Glo i 


— Ah 4 Pon i 35a — of th 
Put a = the greater, and e= the leſſer Index as before. 


1 3 357 
3——e-+1| r for exa+ Ia 
2 1225 —70a-|-aa 
48 aa 2a=1 
se- —_— 
6Xaa &c-|7| debe 
+1225—70a-+aa 


7-+[$ 2a* —288aa—506a=1513 


This laſt Equation being reſolved according to the Method 
which ſhall be ſhewed in the next Chapter, it will be a=17 irs 


Letter; and from the 4th Stepe==—=17 the Index of the 
Letter a. Then theſe two Letters being placed according to 
the Data above, are all that are required by the Enigma to com- 

pleat theſe Words, | 


Sali Deo Gloria. 


H h CHAP. 
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The Solution of AprxzcTED EQUATIONS in Numbers. 


EFORE we proceed to the Solution of Adfected Equations, 
it may not be amiſs to ſhew the Inveſtigation (or Inventicn) 
thoſe Theorems or Rules for extracting the Roots of Simple 


Powers, made uſe of in Chapter XI. Part I. I ſhall here make 
choice of the ſame Letters to repreſent the Numbers both given 


and ſought, as in my Compendium of Algebra. 
Reſolvend. 


G, always denote the given 


any Number taken as near the true Root as 
Vis. Ny may be, whether it be greater or leſs. 
the unknown Part of the Root fought, 
"op 5 which is to be either increaſed or 

Then if » be any Number leis than the true Root, it will be 
r+e= the Root ſcught. But if r be taken greater than the true 
Root, it will then be -er the Root _ And put D for 
the Dividend that is produced from G, after it is and 
divided by r, c. (into the Co-efficients of Adfected Equations) 
according as the Nature of the Root requires. Theſe Things 
being premiſed, we may proceed to raiſing the Theorems. 


LECT. 
J. Lo the Square Rect, viz. aa G. Quare 4. 
Let 1a 


_————— — —— A = 
2 — 1, zt. He O r. Call it D, via. D= Cry. 

'n This ſhews the iſt Method of extracting 
Thenla | =e the Square Root, Sect. 5. Chap. XI. 


G —rr 


e Tet =D. 


3—2ʃ% 2 


2 
W hich gives this Theorem 125 Sc. 
The Arithmetical Operations of both theſe "Theorems, you 


have in the Examples of Seftion 2, Page 126, to which I refer 
the 
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without eng mare Weeds thn: what — them 


Lete= be rejefted or caſt off, as being of ſmall Value ; then it will 


be, IT which gives this following 
1 = 


By this Theorem or Rule, the 1ſt and ad Examples in Caſe 
1. Page 132, are performed; the which being compared with 
this Theorem may be eaſily underſtood. 

Again, Suppoſe aaa=G, as before, and let r be taken greater 
than the true Root. 


= Rom ere being rejected as 
1 | - 

2-+ [3] 3576—3ree=rrr—CG 

r- 

13 —_—_— 
Which gives this Theorem——=« 

By this Theorem the third Example in Caſe 2, Page 133, is 
periormed. 


III. . ee eee viz. a , Quzre 4. 
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By this Theorem the ay fond, Pave — 


be extracted, But 1 Page 
EX 5 as ve | 
Extractions may be very well by two = 


of the Square Root. Vide Example, Page 135. 
IV. To extract the Surſelid Root, viz. a*=G. Quare 4. 


If r be taken leſs than juſt, then rf, as before, and __— 


D, which gives this Theorem — — By this Theorem the 


Surſolid Root, Example 1, Page 136, is extracted. But if r 


r5 —G 
be taken greater than 155 then r—e=a, and——— =D, 


57 
which gives this Theorem———=e. By this laſt Theorem the 


u in Page 137 is —— 
it needleſs to puriue the raifing of thoſe Theorems, 
* extracting the Roots of ſimple Powers, any further; be- 
cauſe the Method of doing it is general, how high ſoever they 
are; and therefore it may be cakily underfiood by what 1s al- 
ready done. 


SECT. 2. 

Otwithſtanding I have already ſhewed the Solution of Qua- 
dratic Equations, two ſeveral Ways, viz. by caſting off 
the loweſt Term ; and by compleating the Square, vide Section 
2, Page 195, &c. Yet it may not be amiſs to ſhew, how thoſe 
Equations may be reſolved into Numbers by this univerſal Me- 
thod of continued Series; wherein, if firſt » be taken 
equal to the firſt true Root, or ſingle Side of the Reſolvend; and 
every ſingle Value of e (as it becomes found) be ſtill added to it, 
for a new r, then thoſe Roots may be extracted without repeat- 
ing a ſecond Operation, as before in the fingle Powers. 

Ce 1. Let aa =. It is required to find the Value 


of 4. 
Put! il e=a 
I 8.42 rr-|- 2r0-| erga 
125! 3|26r-1-2be==258 


2304 rr EZzr- He- 2 le Ie ee=aa-þ 2 2--© 
127 Kc. 5 zre- -ab. Cee G—rr—atr 


ö 2. 
Which gives this Theorem —- 


A 


Tl 
Suppote | 


Suppoſe 3 = 364, and 6 = 38692865 : If » = 6000, r= 
36000000, and 26. C436 1000. — — 
738692865. Therefore the firſt 7.6000. Ls gn, on 


1934643 2,5=4G 
— 1432000, = er- 


g026432,5 =D (doo 
46112 


41523 ({ 60=e 
37164 


43592,5 ( 7=e 
43592,5 


% 


867=e 


Caſe 2. If aa—2ba=G, then proceeding as above, there 
will ariſe this Theorem —3——=e» Kc. And in Caſe 3, viz. 


2ba—aa=G, you will have this his Theorem —=—— , &c; as above, 


I think it needleſs to trouble ht WB 
theſe two Theorems in Numbers; becauſe if the laſt Example 
of Caſe 1, be underſtood, the other will be eaſy. Not but 
that the Method of compleating the Square is very ready and 
eaſy, as you may obſerve by the Work in ſeveral Queſtions of 
this Chapter. 


—ũ— 


SECT. 3. 


N the Solution of all Adfected Equations, that are above (or 
higher than) Quadraticks, it will be the beſt Way to take r= 
the next neareſt Root of the Equation: And then it will be r+e 
Sa, if r be leſs than juſt ; or r—e=2 if r be greater than juſt 
(as at the beginning of this Cha pter). And all the Powers of the 
unknown Part of the Root, (vlg. e) above its Square (ce) are 
io beTei:Red or caſſ off, as btſore in ra:fing the Theorems tor the 


Simple 
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Simple Powers. And therefore it is, that to ſupply the want of 
thoſe Powers (above ce in the Theorem) the Operation muſt be 
repeated: as in the Example of extrafting the Cube Root, 
Page 133» viz. when the Figures in the Root conſiſt of more 
than three Places (vide Page 140, and 141.) | | 
Suppoſe aaa f=. Qyzre a. 
. 
3 x6| 3|6r-+be=ba 

* — 


4235 1 ihum = 
-. e 6 a 


37 3” 5 
Which gives this Theorem ——T—=e 
ro — 1 


But if - be taken greater than juſt, bebe 

es, which produces this Thewem 
37 

D 


37 


+= 


By either of theſe two Theorems the Value of a may be eaily 
found. Or rather otherwiſe, as in the following Example. 
Let aaa+244=587914. Here b=24. Suppoſe the firſt -— 
90, then r*=729000 7 587914 without the 24*9go being add- 
ed to it: Therefore , go. Again, Suppoſe r—80 then r*— 
4 4 2000, and 24 r = 1920. But 512000-þ1920==51 3920 . 

$8791 4» 1 3 Therefore 
it muſt be 15 =e leſs than juft 


8 


1G.“ are rea 

1 * 24 ＋724 244 
2 in Numb. + 51200019200. 2404 
3 in Numb s] 1920 242244 


4-+51015 1300 1%½ % , 240887914 
b — 51392017} 19224e-2408=7 3994 
7 — 2408 9 


= F777 = 1 e 


Operation 
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Operation 80, 1 

— Oo Dr 

1 Diviſor 83,1) 300, 31 ( 3.68 KC. 

| $e=Þ6 249: $3-68 Kc. 

2 Diviſor 86,7) 

we 

87,37) 


Or rather new r=83,7 for a ſecond Operation, which being 
involved and tryed (as above) will be found greater than juſt : 


44586376, 25 — 6 era. 

200,8 — 248824 1 
58838 5,06 3—2 1041, 7-251, 1 e=58791% 
21041, — 251,471, 53 


$3,795 56—ee=1,87595778=D 
D 


1 83,7955—e 
2d Operation $3,7955 
— 502 
| ; ——— 
iſt Diviſor 83,7785) 1,8759778 \00,0223933k=e 
— 522 1,675570 B$3,67760069=a=mr 
2d Diviſor $3,75 35) 52004477 —. 
— 0033 e 
3d Diviſor 893,75 15) „9408 
— 5 Ke, 2512536 


$3,751 ,00781542 
0075 3760 
27782 


— Dividers wor 


— 1 ae the Pla- 
ces of Figures in the — 2 — 
Lell 


(how high ſoever they are) according to this Method of reſolv- 
ing them. See Page 141. 


Example 2. Suppoſe aa -b. G. Quzre a. If egg, then 
w_ Ws . -b, which gives this Theorem 
* 


Or you may proceed otherwiſe, as in the laſt Example. Let 
aaa—06438 a=104785688, here 6=6438. Suppoſe the firſt r 
Soo, 777=I 25000000, and 5r= 3219000, then 125000000— 
21900012, 1781000. But 121781002 7 104785688, there- 

500. Again, ſuppoſe r= 400, rrr=64000000, and br 
=2575200, then will 64000000—25 75200—61 42800. But 
61424800 C 10475688, hence r 7 400 ; K r is 
betwixt 400 and 5000. But 500 is the next neareſt 


e 


3219000— 64382864382 
2 — —ͤ—n e — 
_6+[71743562—150206=16695312 


Let new r=476 for a 2d Operation; then r*=107850176 
and br 23064488: but 1078501 16—3064488= 104785688 the 
ſame with the Reſolvend. a=476 juſt. 


Ezample 3. Let ba—aaa=G. Quire a. If rhe=a, then 
D | 


— re 
7 
But if r—e=a, then 1 — „ =1C +117 —{4=D which gives 
D 


3 in Numb.{5|z7036800—123456e 
— — — 12272801 
I 


Operation 


Or new r—283, which being involved, (fc. will appear to 
be the true Root, that is, a2 283 juſt. 

Note, Theſe are uſually called the three Forms of Cubick 
Equations ; and in the tion of the third or laſt Form, viz. 
ba—aaa=G, you may meet with fome ſeeming Difficulties ; 
eſpecially in making Choice of the firſt r, becauſe this Equation 
is an igious Equation, and hath two Affirmative Roots, viz. 
a and leſſer Root. But having once found either of them, 
the other may be eaſily obtained by Diviſion only; as in the 

ick Equation. Fide Chap. VIII. As for inſtance, in the 
laſt Exa „ a 283 and 123456 a—aaa=12272861. Make 
theſe two Equations So, to wit, let a—283=0, and — aaa+ 
123456 a—12272861=0. 


Then, a—283) — aaa+123456 a—12272861 (—aa 
— aaa+283 aa 
— 283aa+123456a (—2832 
— 28 3a 800894 
443367 12272861 (143367 
+433674—12272861 


(0) (0) 


Hence it appears that —24—28 34 43367 . Conſequent- 
y 4 ＋28 32243367 this Equation being ſolved, a—=110,2722 

c. which is the leſſer Root of the aforeſaid Equation ba — 
aaa—G, &c. After this Manner all the poſſible and impoſſible 
Roots of any Equation may be eaſily diſcovered, any one of its 
Roots being once found. I ſhall therefore omit inſerting more 
Examples of that Kind. : 

Suppoſe aaa+baa+ca=G. Quzmre a. Let b—=74,c=8729, 
and G=560783. By Trial (as before) it will be found that the 
next neareſt o being ſomething leſs than juſt. 

- Therefore 


12 118400 5920e- 74 


4 in Numb. 7} 64000+ 45008-1200 
5+6-+7| 815 31560-+19449e-+194ee=5 60783 
3——531560j 99449, + 1949 29223 
9 194110 „ 


iſt Diviſor 101,2) 153,06 1.5 =e 
a +e= 5 — — 
24 Diviſor 101,7) 51,86 (41,5=r--e=8 


1 


Or new 417g for a ſecond Operation, which 
involved, Ec. will be found more than juſt. A 
Therefore 1|—e=a 


2] ce 
__ 


DD mt 
4Irrr—3rre-| 3"ee San 

Theſe being turned into Numbers, E&c. as above, they will 

be r 90,375, which being divided by 

o-efficient ee, will become 100,946e—ege= 


41,5000000= 
1.966634 ( 0194847 
iſt Diviſor 100,936) 1,0936 41,4305153 =r—e=e 
— 957204 
zd Diviſor 100,927) 908343 
489210 
Here I proceed by 403708 
—— 95 5020 
a 907416 
476040 
403708 
72332 &c 
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Lon os ts 


By what hath been already done about the Solution of theſe 
few Equations (being carefully obſerved) I preſume the Learner 
will eaſily conceive how to proceed in the Solution of all Kinds 
of Equations, be they never fo high, or adſected; therefore [ 
ſhall not here promiſe many various Examples, but only take 
them as they fall in Courſe, when I come to the next Part, 
wherein you will (perhaps) find fuch Equations with their So- 
lutions as are not common. | 


CHAF. 
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CHAP. XL 
Of Simple InTzrREST, AnnuiTIES, or Penſions, &c. 


, or the Uſe paid for the Loan of 
r paid Money, is 


SeQ. 1. Of Simple InTzREST. 


82 is that which is paid for the Loan of any 
Principal or Sum of Money, lent out for ſome Time, at any 
Rate per Cent. agreed on between the Borrower and the Lender; 
which, according to the late Laws of England, ought to be fix 
Pounds for the Uſe of 10ol. for one Year, — nog 


ons about) Si 
Three (SeePage 96, Ke) others make uſe of Tables c: at 
ſeveral Rates per Cent. as Sir Samuel Moreland, in his Doætrine of 
Intereſt both fimple and compound, all by Tables; 
wherein he hath detected ſeveral material Errors committed by 
Sir Iſaac Newton, Mr. Kerſey upon Wingate and Mr. Clavel. &c. 
in the Buſineſs of computing Intereſt, &c. by their Tables too 
tedious to be here repeated. But I ſhall in this Tra& take other 
Methods, and ſhew that all Computations relating * ſimple In- 
tereſt are grounded upon Arithmetical P ; and from 
thence raiſe ſuch general Theorems, as wi ſuit with all Caſes. 
In order to that 
P= any Principal or Sum put to Intereſt. 

1 R = the Ratio of the Rate, per Cent. per Annum. 
S the Time of the Principal's Continuance at Intereſt. 
= the Amount of the Principal, and its Intereft. 

Nets The Ratio of the Rate, is only the ſimple Intereſt of 
11. for one 29s at any given Rate; and is thus found. | | 
Viz. 100: 6 : : 1 : 0,06= the Ratio at 6 per Cent. per Annum. 
Or nenry 2 1 0,07== the Ratio at 7 per Cent. &c. 
Again 100: 795: : 1: 0,075=the Ratio at 7 and 4 per Cent. 

And it the given Time be whole Years ; then {= the Num- 
ber of whole Years: but if the Time given, he either pure Parts 
of a Year, or Parts of a Year mixed with Years ; thoſe Parts 
muſt be turned into Decimals; and then = thoſe Decimals, &&c. 
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Now the common Parts of a Year may be eaſily turned or con- 
verted into Decimal Parts, if it be conſidered 
Day is the ; Part of a Year = 0,00274 fer? 
That one | Monrh is the r Part of a Year = 0,0833333 &c. 
Quarter is the 1 Part of a Year = 0,25 
Theſe Things being premiſed, we may proceed to raiſing the 


Let R= the Intereſt of 1/. for one Year, as before. 
Then 2 R= the Intereſt of 1/. for two Years. 
And 3 R the Intereſt of 1/. for three Years. 

4 R = the Intereſt of 1/. for four Years. And fo on 
for any Number of Years 0 | 

Hence it is plain, that the ſimple Intereſt of one Pound is a 
Series of Terms in Arithmetical Progreſſion increaſing; whoſe 
firſt Term and common Difference is R, and the Number of 
all the Terms is 1. Therefore the laſt Term will always be 
t R = the Intereſt of 1/. for any given Term ſignified by ?. 
Then As one Pound : is to the Intereſt of 11. :: fo is any 

| Principal or given Sues: to ite Eeter of. 

That is, I.: R:: P: RPS the Intereſt of P. Then 
the Principal being added to its Intereſt, their Sum will be = 4 
the Amount required: which gives this general Theorem. 

Theorem 1. tR P+ P=A. 
From whence the three following Theorem: are eaſily deduced. 


A A—P „ 
| =P Th , mm z}R. 
Theorem 2 FRI | Theorem 3 77 
| : A—P 
Th — 
eorem 4. 7 


Theſe four T hcorems reſolve all Queſtions about ſimple Intereſt. 


weſtien 1. What will 2561. 10 s. amount to in 3 Years, one 
Quarter, 2 Months, and 18 Days, at 6 per Cent. per Annum ? 
Here is given P = 256,5; R= 0,06; and t = 3,46599 . 
For 3 Years =3 _ Quere 4. per Theorem. 1. 
one Qqarter = 0,25 
2 Months 0,16657 = 0,03333 x 2 
18 Days = ©, '4932 = 0,00274 Xx 13 
Hence t= 3,49599 : x 0,06 0,2079594 =tR 
Then 0,207 4594x256,5=53.341586=tRP 
And 53.,341586-+256,5z=309,341586=t R P+ P=A. 
That is, 309,841596=30g/. 16s. 10d. being the Anſwer required. 


% * 


Queſtion 


- 
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raiſe a Stock of 16s. rod. in 2 
two Months, 18 Days; at 6 per Cent. per Annum ? 


Wümme otherwiſe ſtated thus. 


„ will 


Anſwer 


3465 
309,841 586==4 ——8 that is, — L 
required. 


3. At what Rate or Intereſt per Cent. &c. will 
2561. 10s. amount to 30g] 16s. 10d. in threeTears, one QMarter, 
two Months, and 18 Days? 

Here is given, P=256,5 3 No 586; and .=, 45399 
to find R. Per Theorem irt 309841586 — 256,5 = = 
53,341 586=4—P. tu 3-46599X256,5 = 889,0264 35 = 
N. t R— 889,026435) 53,341 586 (00,06 =the Ratio. 
Then 1/. : 0,06 : : 120: 6 — the Rate required. 


Dveſtion 4. In what Time will 2561. 10s. raiſe a Stock of (or 
amount to) 3ogl. 16s. 10d. at 6 per Cent. &c. 

Here is given, P==256,5 ; 309, 841586, and R —0,96 
to find 1. Per Theorem 4. Firſt 309,841586— 256,5 = 
$3-341586==4—P. And 256,5X0,06=15,39=P R. Then 
"28 od ca (3.4659 =; that is, 23 Years and 

Parts of a Year; which. may be brought into 
—— Parts of a Year, thus 


And 0,08333) o, 21599 (2 Months 
1 


| ©,02074) 404933 - (18 Days. 
8 Months, and 18 Days; 


ae that what is here done at 
6 per Cent. may be done at any other Rate of Intereſt, by forme- 
ing the Ratio (viz R . 


SCHOLIUM. 
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SCHOLIUM. 


it be 


ears, pays more Intercf than ſeens reaſom- 
due, according to the Rules of Art. As for Inffance; if 
| 100d. be forborne at Intereſt one whole Year, it amounts to 
1061, But (I fay) if it be repaid at the half Year's End it ſbo id 
not amount to 103; as appears from this following Proportion. 
Let a=the Amounts due at the half Year's End; ben «ill 
be 100::4::4: 106 the Amount at the Year's End. g 
aa==1 0600, and a=y 1060c=102,9563z=102). 195 14d. » ch 
is leſs than 1034. by 104d. And if it be paid in leb than 
half a Year's Time, the Error muſt needs be the greater. 


— 
— 


Sect. 2. Of Annuities, o PENSIONS in Arrears, co: uted 
at femple Intereſt. 


NNUTTIES, or Penſions, Ec. are faid to be in d gars, 
A when they are payable or due, either Yearly, ©: © {alf- 
— y. Sc. and are unpaid for any Number co! mats. 
. refore the Bufineſs is, to compute what all thoſe r=:ycnts 

will amount unto, allowing any Rate of ſimple Intereſt for eir 

Forbearance, from the Time each particular Payment became 

due: Now in order to that, 
u = the Annuity, Penſion, or Yearly Rent, Sc. 

put S the Time of it's Continuance, or being unpais. 
R= the Ratio, or Intereſt of 1/. for 1 Year, as bee. 
S the Amount of the Annuity and its Intcreft. 

Then if «= the firſt Year's Rent, due without Intereſt. 


Ru=the Intereſt 
2u=the Rent J due at the End of the fecond Year. 


2Ru=the Intereſt , | 
— hoes due at the End of the third Year. 


— Rent ] due Annie the end You. 


4Ru=the lIutereſt ) 

zu the Rent due at the End of the fifth Vear. 
And fo on for any Number of Years. Hence it is evident, 
that Ru+2Ru+3Ru+4Ru+5u=A4 the Sum of all the Rent? 


and their Intereſt, being forborne 5 Years. 


Frem 
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Nere t=5. Divide by u, then R+ 2 R+3R+aR= = 


Next to find the Sum of this Progreſſion (See Page 185) thus, 
Let R-+2R+3R-+4R &c. nr, then 1+2+3+4 &c. = * 


Here the Sum of the firſt and laſt Terms are 4+ 15 t, 
and the Numbers of all the Terms is 4 =i— 1. 
—= X #= the Sumo all the Terms; that is, . — ==. 

2 : * 
. Conſequently . K. e. 


2 u 
Now from this Equation it will be eaſy to deduce the following 


Queſtion 1. If 2501. yearly Rent (or Penſion, &c.) be forborn 
or unpaid ſeven Tears; what will it amount to in that T ime, at 
6 per Cent. for each Payment, as it becomes due ? 

Here is given = 250, ft = 7, and R = 0,06; to find A. 
Per. Th. 1. Fuſt 250 X 7 = 1750 = tu, 1750 X 7 = 12250 
= # t u. Again 12250 — 17<0 = 10500 = ttu— tu, ard 


— X 0,06=315. Laſtly 315 +1750 — = 2065=4; Fix. 
2065 L is the Anfe. required. 

But if the Annuity, Rent or Penſion, is to be paid by Quarterly or 
half Yearly Payments, &c. Then — = 0,03 = R fer half 


yearly Payments : and = 0,015 = R for quarterly: or 


0,045 R for three quarterly Payments. Example of half year- 
ly Payments. 

Suppoſe 2501. per Annum, to be paid by balf yearly Poyments, 
were in Arrears, or unpaid far ſeven Tears; what would it amourt 
to, allowing 6 per Cent. per Anrum for each Pazment, as it be- 
comes duc 


K * 10 
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In this Example there is givenu=125=2; f= 14 the Num- 


ber of Payments; and R 0,03 =22>: thence to find A. 


Firſt 125 X 14 = 1750 = # uz 1750 X 14 =24500=t tu: 
again 24500—1750=22750=#tu—tu; then ==> —— = 11375» 


and 11375 X0,03 = 341,25. Laſtly tas + 1750=2091:453 
i 55. the Anſwe 2 > 


N. B. Hence it may be obſerved, that half yearly Payments 
ey GON than yearly. For Pe. F 24 > _ 


— ä 
pda 


— 
unpaid ſeven Tears, will 2 75 Stock 1 — hk 


1 
Cent. per Annum for each Add tf SI 
Here is given I= 2065, t=7, and R=0,06; to find uw. Per 
Theorem 2. Furſt ) X 0,06 = 0,42 = #R, and 0,42 X 7 = 2:94 
StR. Then zx Te gs Lady ti R — RT 27 
= 16,52) 4130 A 250=u; that is, 2501. fer Annum, &c. 
will raiſe 2065 J. the Stock required. 


ion 3. In whot time will 250 L. yearly Rent raiſe a Stock 
e e Be for the Fee of he 
Paymends as they become 


Here is given — eee, and R= 0,06; to find 7. 
Per Theorem 4. Firſt >, = —= = 33,3333 and 33.3333—1 


32,3333 * * —1; Then 16, 16666 &c.=4 x; 261,3605 


c. xx. Again 222 = 275.3333 2 Ru, and 27593333 


e Then / 336, 6938 
23,1666. Laſtly, 1 Time re- 


Dueſtion 4. If 2501. yearly Rent, being forborn * 
will amount to 2065 |. allowing Simple Intereſt for every P. 
it becomes due; what muſt the Rate of the Intereſt be per ent. &fc. 
Here is given u=250, A= 2065» =; AR: Per 
Theorem 3. * 
tt u = 12250 4130 =2 
Thus ; 1 = 1750 27, 


t tu—tu= 10509) 630=2 A—2 tu(006=R. 
Then t : 0,06 : : 100: 6 the Rate required. 5 


on 1. What is 75k yay Neat, to continue ah Fiore, 
n ready Money, at 6 per Cent. per Annum Simple Intereſt ? 
1. Per Theorem 1. of the laſt Section, find what the 24 
would amount to, if it were forborn 9 Years, at 6 


Thus 1 = 75, Dq, and R 0,06: Quære A. 
# tu = 6075 Then 2) 5400(2700 
tu 675 Fo ; Pi 


tt u=— tu = 5400 Sid a> =8$37=A. 


2. Then by Theorem 2. Section 1. find what Principal, bei 
put to for the ſame Time, agd at the fame Rate, wi 
amount to 837 J. AH. Thus fR=o0,54=9gXx0,06;tR+ 1 
= 1,54) 837 (543.5064 = P: that is, P= 5434. tos. 14d. 
which is the Worth of 75 L a Year, as was required. 

From the Work of theſe two Operations (duly conſidered) it 
muſt needs be eaſy to conceive, how the two Theorems by which 
they wereperformed, may be combined in one. 

For 22 — 2242 = 4; and . PPR +P=4. 


2 
ttRu—tRu+2tu . 
Conſequently P#R + P = mn And from 
this Equation may be deduced the following T heorems. 
T} : . pp thR—tR+2t, Þ 
". _a2tR+2 . 2 R＋2 y 
By this Theorem all Queſtions of the fame Kind with the laſt 
(viz. that above) may be eaſily and readily anſwered at one Ope- 
ration. 


Kk2 Theorem 


— 
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T1 2P—2tu 
"9. 12 * | 
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T heorem 2. 


u Ru 


Let = =, then will ##+ x # = 2”. Which gives 
2 7 2 xx x 
this Theorem 4. I + * Is 


By the ſecond and fourth Theorems, two very uſeful Queſtions 


may be eaſily anſwered. 
1. As for inflance: If it be required to find what Annuity, or 
c. may „ 2g to con- 


yearly Rent, 
zinue any aſſigned Time, allowing any Rate of [ 

uu Queſtion =y be — T beorem 2. 

2. Again If it be required to find bow yearly Rent, 
Raſa” or 4 Ay be 3222 for any 
propoled Sum, at any given Rate of Intereſt ? 

All Queſtions of this Kind are eafily anſwered by Theorem 4. 

In theſe Queſtions it is ſuppoſed, that the Purchaſe or yearly 
Rent, is to commence or be immediately entered upon, But if 
it be required to find the Value or Purchaſe of an Annuity or yearly 
Rent, &c. in Reverſion; that is, when it is not to be entered up- 
on until after ſome Time, or Number of Years are paſt ; then you 
muſt firſt find what the Sum propoſed to be laid out in the Pur- 
chaſe, would amount to, if it were put to Intereſt, during the 
time the Annu ty, Sc. is not to be put in preſent Poſſeſſion; and 
make that Amount the Sum for the Purchaſe, proceeding with 
it as in either of the two laſt Queſtions, c. 

Note, From the firſt 7 of this Section it will be eaſy to 
concei ve how to perform the Equation of Payments, between Debtor 
or Crediter, at any Rate of Intereſt, without doing any Damage 
to either Party. a | 

That is, when ſeveral Sums of Money are to be paid, at ſeve- 
ral different Times, to find the Time when all the Payments may 
be truly diſcharged at once ; as if one Sum were to be paid at 
the End of two Months, another at fix Months, and perhaps a 
third Sum at eight Months End, Sc. And if it were required to 
find the Time when all thoſe Sums may be truly diſcharged at 
ene Payment witheut Lofs, S.. : 


CHAP. 
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CHAP. XI. 
Of Comround Intereſt, and Axworriss, Ge. 


OMPOUND Intereſt is that which ariſes from any Princi- 
pal and its Intereſt put together, as the Intereſt fo becomes 
due; fo that at every Payment, or at the Time when the Pay- 
ments decame due, there is created a new Principal; ard for that 
Reaſon it is called Intereſt upon Intereſt, or und Intereft. 
As for Inftance; Suppoſe 100. were lent out for two Years, 
9 fer Annum, Compound Intereſt: then at the End of 
Year, will only amount to 106 J. as in Simple Intereſt. 
But for the hand Year tha 106 J. becomes Principal, which will 
amount to 112/. 7s. 25d. at the ſecond Year's End, ' whereas by 
RR dog 1121 
it be not lawful to let out Mcney at Compound 
| intereſt yet in purchaſing of Annuities or Penftons, &c. and 
taking Leaſes in Reverſion, it is very uſual to allow Compound In- 


tereſt to the Purchaſer for his ready Money; ard therefore it is 
very requiſite to underſtand it. 


_— 


Se. I. Of Comrouny Intereſt. 
= the Principal put to Intereſt. | 


t the Time of its Contiguance. oo before. 


Let 4 A= the Amount of the Principal and Inte re ſt. 
* the Amount of 1 /. and its Intereſt for 1 Year, at 
— given Rate, which may be thus found. 
Erne the Amount of 1 Lat 6 per Cent. 
Or 105: 100:: 1: 1,05 = the Amount of 1 J at 5 per Cent. 
and fo un for any other aſſigned Rate or Intereſt. 
Then if R = the Amount of 1 | for one Year, at any Rate. 
R*= the Amount of 1 J for two Years. 
R3= the Amount of 1 /. for three Years. 
R4= the Amount of 1 . for four Years. 


Rs the Amount of 1 I for five Years. Here . 5 


For 1: R:: R: RR:: RR: RRR:: RRR: R:: RA: Rs: &c.m=. 


As one Pound: is to the Amount of one Pound at one 
n ge, ſo is that Amount: to the Amount of 
one Pound at two Year's End, He. 


W 0 2 


Wherce 


2 


> 
- 


which is Rr. 
Again, As 1: N:: P: PR'= A the Amount of P for the 


Time, that Rr = the Amount of J. 
one Pound any 
$87 (or — to 


. L. Tine. 


tereſt may be truly reſolved by the Pen only, viz. without Tables; 
though not ſo readily as by the Help of Tables, calculated on Pur- 
poſe ; as will appear farther on. - 


on 1. What will 2561. 10s. amount to in ſeven Years at 
Ex nun Compound Intereſt ? Fg 


Here is given P=256,5; t=7; and R= 1,06, which being 
involved until its Index =t (viz. 7.) will become Rr =1,50 
Then 1,50363X256,5 =385,6811=A=a 385 l. x35. 75d. whi 
is the Anſwer requi : 

ue ſtian 2. What Principal ar Sum of Money be ar 
3% to raiſe a Stock of 385 |. 2 n 
per Cent. per Annum Compound Intereſt ? | 


Here is given A= 385,6811; R=1,06; and ; to find P. 


by Theorem 2. Thus K'=1,50363) 385,681 1=A4(256,5=P. 
2m That is, P=2561. 10s. which is the Principal or Sum, as was 


Queſtion | 


of Compound lotereſt. agg 
— In what Time will 136 L 10s. raife a Stack 
DEV 133. 74d, allowing 6 n 
e is given P= 266,5; 7 R= 106; to 
find f by the third Theorem R* = 5 = bs = 1:99363, 
which continually divided by R — until 
main, — - tho Diritors Ae e * 
- e 171 * And & on $2 [1399235 
1,06) 1,06 (1. which NEE nh Divi Therefore 
it will be £ 7 the Numbers of Years required by the Queſtion. 
L nit] exccnt Stock | 
385 oo * ſoon Tear T ime ; — 2 Rate of 72 


= 12 Hane, A=385,6811, and i=7, Quare 
R. By Theorem = = 1450363 3 as before in the laſt 


Queſtion, And if = R7 = 1,50 then R=",/1250363, 
n *. 


34 "+ x6 _ S R 63 
2 |r e+21rSee=R?7 =1 4 
3 | 9343-0205 823 * 
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"That is, of R. RR. RRR. R.. RS. aid fo on to R359. 


85 43391529 
025 59950 
2071353722 


1.4186 191122 8 
1. 5036302590 


15936400745 .25 10252757 
1.6894782590|211z. 6860867923 
101. 7908476965 [22j3.6035 374166 


14725 19998 


23. 8197496616 


11]1.8982985 583 4H 489346413 [3718.6360872 198 
2.01219647 18 [2514. 2918707 197 1542523470 
4. 1229282601 |2644. 5493829629 
The Title of this Table ſhews it's Conſtruction, and it's Uſe 
will eafily appear by an Example or two. 
EXAMPLE I. 
What will 375 l. 10s. amount to in nine Years, at 6 per Cent. 
Annum ? 


The tabular Number againſt 9 Years is 1,689479, which being 
multiplied with the ge 37525 will produce 634,3993 &c. 
viz. 6341. 8 f. fere, being the Amount or Anſwer required. 


EXAMPLE 2. 


What Principal (or Sum] muſt be put to Intereſt to raiſe a Stock 
Ly L 8s in nine Years Time, at 6 per Cent. per Annum? 

. the proposed Stock (viz. be divided by the tabplar 
againſt the given of Years (viz. 9.) the 
| Quotient will be th Principal egy, required. - oh. I” 
* is 1.689479. Then 1.689479) 654,4 (375,5=3754% 10% 
the Principal (or Sum) required. 


EXAMPLE 3. 


In what Time will 3751. 10. raiſe a Stock 2 to) 
6341. bn Sees Gi 2 
Dirid 
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Divide the propoſed Stock (viz. } by the given Principal 
(viz. 37595) and the Qyotient du $2, the tabular Number 
that ſtands over againſt the Time fought. Thus 37595) 634-4 
(1,689479 Sc. this Number being fought in the Table, will bs 
tound to ſtand againſt 9 Years which is the Time required. 
But if the Quotient cannot be truly found in the Table of 
Amounts for Years, as above; then out of that Table the 
neateſt N 
you muſt divide the firſt Quotient; and then ſeek the ſecond 
Quotient in the Table of Amounts for Days (which is inſerted 
2 little further on) and it will aſſign the Number of Days: as in 


In what Time will $631. amount to 860 l. at 6 per Cent. per 
Annum, Compound Intereſt ? | 
Anſwer. In ) Years and 99 Days. 
Thus 563) 860 (1,52753 which ſhews the Time to be more 
(or above) ſeven Years; for over againſt 7 Years is 1,50363 
which being made the new Diviſor: Fiz. 1,50363) 1952753 
(1,01589) Sc. this Number is the neareſt Amount to 99 Days. 
Note, If the Stock, Principal, and Time be given; the Rate of 
Intereſt will be beſt found by extradting the Root, &c. as before in 
the fourth Queſtion. 


The next Thing that I ſhall here propoſe, is to make this 
Table (which is only calculated for the Rate of 6 per Cent.) 
univerſally uſcful for all the Rates of Compound Intereſt, which 
I may preſume to. ſay, is a new Improvement of my own, being 
well ſatisfied it never was publiſhed before; and not only ſo, but 
. Artiſts affirm it was impoſſible to be 

ne. 

The Method of performing it is briefly thus, Let x = the 
Difference between 1,06 = KR the Amount of 1 J. for one Year 
(in the Table) and any other propoſed Amount of 1 J. for one 
Year; which admits of two Caſes. 


Caſe 1. If the propoſed Rate be greater than the 1,06 = , 
A 1 J. for one Year at that 


Caſe 2. But if the propoſed Rate be leſs than 1,06 = R, then 
it will be R—z#x = the Amount of 1 J. &c. 


t—1=6b, t—2=c, t—3 4, þ . &c. :rb 
_ i= eg =, ts 36 os Ts oY | 


| a 


umber that is leſs, and make it a Diviſor, by which 


Thea 


* 
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Then will N + 1 N Wert 
Amount of 1 L. at the gi te, for Time denoted by t, 
in Caſe 1. e — mh) Sc = the 
Amount of 1 J. in Caſe 2. $ 
Which is no more but this: Let R + + or R— x (which fo- 
ever it is) be involved (as directed in Se. V. Chap. II.) to the 
ray orator ht as the Index ? the given Time in the Que- 
ſtion denotes : all the Powers of x above xxx or xxxx 
moſt, as uſcleks Then multiply that Power of R + x or 
— x into the given Principal, and their Product will be the 
An Example or two in each Caſe will render all eafy. 


EXAMPLE Ii. 


Suppoſe e it were required to find what 2561. would amount to in 
ears, at $1. ory Lag ing hedges 1h py mbar 
= 15 

Firſt 100 : ” : 1 : 1,08 the Amount of 14 at 8 fer Cont. Next 
v.68, — 2,05 == 002 = >. And R+ x. 1,08 as in Cafe 1. Then 
** + 15 R** x + 105 R** xx + 455 R** xxx Kc. = the Amount 
of 1 /. for 15 Years, at 8 per Cent. 
Here x = 0,02 . xx = 0,0004 . and xxx ,o00008 


By the Table RI. = 2,396558 

5 Rn = 2,260904 x 15 Xx ,02 = 0,678271 

And 15 RIA = 2,132928 x 105 x ,0004 = 0,089;83 
455 R** xxx = 2,012196 x 455 Xx ,00:008 = 0,007 324 


Sum = 3,171736 


Then 3,171736 x 256 = $11,964416 = 4, 
That is, 8117. 9. 35d. fere. Which is the Anſwer required. 


EXAMPLE 2. 


What will 365 L. amount to in ſeven Years at four and a bf 
per Cent, c. 


15 100: 104,5: : I : 1,045 the Amount of 1 L. at 4, L. fer 


Next 1,06—1,045=0,0t5=x. Conſequently R— x =1,045 
as in Caſe 2. 


Then N — 5 RE x + 21 R xx — 35 R* xxx &c. = the A- 
. _—_ 14. for 7 Years, at 4 f per Cent. 8 
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Here xx = ,000225 3» and . 
— By the Table 1 = + 1.503630 


7 K py 
12 R* xx = + 0,006323 
— 35 R* xxx = — 0,p00141 


RB” — 7 R* x + 21 R* xx— 35 R. xxx = 1,360868 
Then 1,360868 x 365 = 496,71682 = 4. 
That is, 496 L 145. 3 $6. is the Anſwer required. 


If the Reaſon of theſe two Operations be but well underſtood, 
it will be very eaſy to conceive how to find P, the Principal, by 
having A, t, and x given (becauſe R and it's Powers are always 
given by the Table). 
For © FTRbx To ke xx + m Kd xax x Þ = 4 (as above.) 
-j 
Therefore — = P. 

NT E Ng Rexx + m Kd xxx 
Or if A, P, and t, be given, dais an 


For R. bebe g Bar + m Mare= This Equation being 


P 

ſolved (as in Chap. X.) the Value of x will be found; and then 
either R + x, or R — x will ſhew the Rate of Intereſt, Ec. 
But I ſhall leave the numerical rations to the Learner's 
Practice, ſuppoſing enough done to ſhew how all Queſtions of 
this Kind that are limited by whole Years may be computed. 

And if the Time given or fought be not terminated by whole 
Years, but by Weeks, Months, Quarters, or Half-Years, c. 
for reſolving ſuch Queſtions, the beſt Way will be to reduce thoſe 
Parts of a Year into Days; that done, find an Anſwer according 
to the Demand of the Queſtion (and agreeing to one 1 /. as before) 
for that Number of Days ; and in order to that, it will be requi- 
ſite to find the Amount of 1 J. for one Day {as in my 
of Algebra, Page 110) which I ſhall here inſert. 


Put @ = the Amount fought, then it will be 


I :4::4:40::40: 044::400: 4446 * to- 


Amount : to the Amount of two Days :: and fo is that 
of tw Days : to that of three Days, And ſo on in = ta 


As one Pound is to its Amount for one Day:: fo is that 
werf, 
365 Days. 


| | Then 
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Then the laſt of the Terms will be a*** = 1,06 
Put L 22. And let - 1 


2 | 1555 + 365 » 66430 091 avg ==1,06 
2 in Numb. | 1 + 365 e+ 66430 ee = 1,06 


— |} 3 | 365 e+ 66430 we = 0,06 
3—111 3 — 
W 5 | 
1 6 E n—_ — — 
. 0059 + e 
Operation ,0954g 
+ 2 = 50001 
WW ., þ}. 1,.O00900 = 
1 Diviſor 005 59) 0,0000009032 \o0,0001598 e 
+ & = ,00015 $59 1,0001598 =r -þe=e@ 
2d Diviſor ,00574 3442 true to the 7 2 
++ & = ,0c0059 2870 and only too 
zd Diviſor oog 557200 2 in the $th, at one 
&c. &c. Operation. 


Now r = 1,00016 for the ſecond Operation. Then 
2 in Numb. | 7 | 1,0601 3401407 -+ 386,887 e + 70402,172 ve 
= 1,06. Hence it appears that -— = 4. 
vb] $ | 1,06013401407 — 386,887 ＋ 70402,172 ce 
= 1,06 

$ +] 9] 356,887 e — 7c402,172 & = 0,0001 3401407 
g— | 10 | ,c05495 3 — & = ,0000000019035503 

— 


| — 503 
1 111 — 
: | | „6054953 — 7 
Operation, , 054953 : 
— = 3 
— 7 1,00016 = xr 
. It Diviſor ,0c54950) ©,09200000019035503 0,000000346417 = e 
34 164850 1,00015965 3583 = 7 
,005 49466 5255066 — 
— 45 2197864 _ 
24 Dixiſor ,005494614 )z 5263900 
— = 64 __ 329607684 
34 Diviſor, ,c0549460 52295 
2197840 
98370 
54956 
Ke. 


Wnich being further purſued ta a third Operation will give 
@ 1,0001 59653587453 &c. * 
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This Value of à is the Amount of 1 I. for one Day, from 
which, if 1 J. be ſubſtracted, the Remainder = ,000159653587 
&c. will be the Intereſt of 1/. for one Day. if any 
propoſed Principal be multiplied into either of theſe, the reſpec- 
tive Product will be the Amount or Intereſt of that Principal for 
one Day, at 6 per Cent. &c. 

And that the Amount (or Intereſt) of any Principal or Sum 
may be eaſily computed for any Number of leſs than a 
Year; I have here inſerted the following Table, which with a 
great deal of Care (and I believe Exactneſs) is calculated from 
the laſt found (1,000159653587453) Amount of 17. for one 
Day. To which alſo is annexed a Table of the Amounts of 1/. 
for Months. 


= Amounts ot 1 /. 
&c. 


1 [1.0001 5965 36 
1.0003193326 


311 0004790372 
1.00063487673 

51. 0007985 229 
1.00095 8 3039 
7. 0011181105 
811.001 2779426 
gf 1.001437 8002 
Er 
111.001 7575920 
| 


1.00191 75262 
1.00207 74859 
14 

1. 10023974820 
15025575184 
10027175803 
1.00287 7667 7 
1.0030377808 
1.00319791973 
1.0033580850 
1.0035182732 
1.0036784885 
11.0038387294 


1.0022374712 


+ 
— 


II. 0039989958, 


Amounts ot 1 /. 
&c. 


1.0041592879 
1.004 319605 5 
1.0044 799487 
1.00464031 75 
1.0084007120 
1.004961 1320 
1.0051215776 
1.0052820488 
1.0054425457 
1.0056030682 
1.005 7636164 
1.0059241901 
1.006084 7895 
1.006245414 

1. 0064060653 
1006566741 

t. 006727443 

10078881712 
1. 0070489245 
1.907 2097035 
1.007 3705082 
1.0075313385 
I 2076921945 


. oO. 39835 


| 1 . 


1 7511-0120450272 


&c. 


1.0081 749166 
1.0083358753 


1. 0091410545 
1. 0093021675 
1.009463 3062 
1. 09624470) 


1. 0978 5608 
1. 0099468767 
10101081184 


1. 0102693858 
1. 0104306789 


10105919978 


16107533424 
1.01091 47128 


t. 110761090 
1112325309 


10113989786 
10115604521 


10117219613 
10118834764 


— — 
— 


Days 


mat meant pe 


105[1-01690356381145 


8011 


1. 0123682062 
0125298344 
1.012691 4885 
1.01285 31683 
1.01 30148739 
10131766054 
13338362 
12135001458 
I . — 222 


1.0138237895|126 
1.04 29856501 
141476365 
89 fr. 0143094488 
901144713869 
975146333871 
9201.074795 3408 
931149573565 
94[1-0151193981 
9517.01 5281465 5 
9511.1 54435589 
9711.01 56056781 
98 9237676432 
99 fr. 159299 g4¹ 
100 10160921910 

— 
101 10162544138 
102 10164166624 
1031.065789 370 
1041016741237 


| 


106|1.017065916x 
107$1.0172282944 
108 f. 0173906985 
10911.0176513286 
1101117718584 
111 1.01 78780666151 


11211.0180405 744 
11311.0182031083 


— 


211.01966 70809 
3 þ1-0198298745 
1199926934 


. 0204813084 
. 0206442319 


2 1561125216565 
1.01885 35031 [15 711.025 380345 3 
1.025 5440509 
1.6191788563[159Þ1.025 7077827 
1.0193415719 160 1.025871 5406 
1.01950431 34416111.026035 3247 
16 10203029713 
1631.026p 


t1.0201555 3589105 
. 0203184110 


I a2 760hds 784 
1.0271825456 


129 t. 208071814 1.027 3465 389 
[ 30f:.02097"1 56g 1.0275105585 
1311. 2113375886 1. 0276746046 
132 J1.0212961861 10278386764 
133þ1-0214592397 7301-80027 745 
134 1216223193 1.028 1668989 
135 1.021 7854250 1.0283310494 
136 1.0219485567 1.028495 2262 
1370221117144 10286594291 
1381022274898 10288236583 
1391.022438 081 1. 0289879137 
140 1.022601 3440 1.029152195 3 
141 [1.0227646060 1.0293160231 
14211.0229278940 1.0294908372 
r431.023090208 1 1.0296451975 
144 1.0232545483]18441.0298095841 


1.0234179146 185 1.02997 39969 


1.023581 3069 18610301 384359 
1.02374472531187|1. 


1.03063 19206 
1224235137219. 307964557 


I 1.0243986600 191 10. 309610251 
10245622089 19210. 311256216 


114 — 


11511.018 5282878 


1.02505 30124'195f1.03161 2 


200 


197 ff. 0319489990 
198 11.0321137534 
199 10322785341 


10327730339 
5325379198 


239 
— 
241 
242 
243 


t.0332077 7001245 


1.03425 79552[251 
1.0344230782 


1.0345882275 


0347534033 


247 
248 
250 
251 
Rs 
253 


1.03421 85054255 


1254 
'255 


103839394842 


1-038725541 
1038891377 


1.03905 72405 [280 
1 1.039223 1 295 281 
1.0393890454|282 
1.0395549876 32 
2:44] 1.0397 209563128 
1.03988695 15 285 
246] 1,0400529732]2 


1.040219021 
[ .040385 0961 


9 1.040551 1973 


1.0407173250 


1.0408834793 
1.041 0496601 

1.041 2158674 
1.041 3821012! 
1.041548 3 3616 


1.0350838338 2561041 7146485 


10352490887 


0354143699 


1 0355796775 


10357450119 


1.0359103719 


257 

58 
259 
260 
261 
262 


1203 


264 
265 
266 


8891267 


20 
209 


270 


798127 


— 


— — 


ST 1.0437121637 


1.041 380962 
1.04204 7 3O2 
1.04221 36687 
1.042380061 


1.042546481 

1.042712927 

1. 042879400 
10430459001 
1.04321 24261 
1.0433789787 
1.043545557 


1.0438787961 
10440454551] 


1.0385997318[277 


278 
279 


1.04571 35092 
1.045 8804611 
1.0460474397 
1.04621 44449 
1 0463814968 
1.0465484353 
1.0467156200 
1.0468827325 
1.0470498711 
1.0472170363 
I .04 73842283 


1.0475514469 
1. 0477186923 
0478859643 
1.04805 32638 


1.0482205885 


— — —_—_ — 
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1048387940) 
10485553196 
10487227282 
2991.048890 1576 
300| 1.04905 76166 
3011492251025 
30201. 04939261 50 
30310495601 543 
304 10497277204 
305 1.049895 3132 
20011 on I 550062932) 
301.0502305 790 
3081. 0503982521 


3091. 0505659519 


31911 07336786 


2711 1.0442121407, 


1.044545591 
1.044712357 


Tn 312{1.0510692121 
8 


311 {1.050901 4320 


31391.0512370191 
31411.0514048 


529 


1.0443791493131 $f1.0515727134 0 


Days 
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Amounis of 117 Amounts of 17 Bj Amonnioo7T | 

= &c. = c. 
3161105174000 3 ee 3⁵⁴ 10594924636 
317.0519085 150 340 1.0557779484 3630596676154 
318]1.0520764559| 341} 1.0559465071 364 1.0598307942 
319 —— 342|1.0561150927 365 1.06 
32911-05241 2415831 34311.0562837053| | 
321 1.0525804397 344 10504523448 A 3 
32211.05 274848801343] 2322210112 __|_ + in 
32311-0529165631] 346 — — The Amounts | 

| 32411.0530846650] 347 1.0569584248 < of 1). at 6 per 
325|1.0532527937|348[1.0571271720| 3 |Cent. = 
3261.05 34209493 349[1.05720c0504) £7 For Months. 
3271-05358913171 350} 1.0574647472| 1|1.0048675505 
328} 1.05375734101351|1.0576335753} 21-0097587942 
329 — (de 352; 1.0578024303} 3}! 0146738462 
2134293847353 '1.0579713122] 4/1.196126224 
33111 — 354 10581402211 * 102457583924 
332 1.0544304467 355 1.0583091570] 61.02956301 41 
3331.054598 79033561 0584781199] 7110345744641 
334} 1-0547671608 357j1-0586471097 811.0396103076 
S 1.054 93555820358 1.0588 161265 91.0446 706634 
336] 1.0551039824[359{1.0589851703}_19[1.0497556507 
337] 1-05527243361360j1.0591542411| 11 [1.05 48653894 

= 38601 .05544091 161361 U1.05 932332821 121.06 | 


The Uſe of this Table is in all reſpects like that of whole 


Years, in finding the Amount of any given Sum for any propoſed 
Number of Days leſs than a Year. a 


EXAMPLE I. 


Suppoſe it were required te find the Amount of 375k for 210 
Days at 6 per Cent. 


The Amount of 11. for 250 Midi en Sc. per Table. 


Then 1,0340928 X 375 = 387,7648 Se. = 3871. 15s. 82d. 
which is the Amount req And the reſt of the ariations 


ma os SERIE inft = in the Examples of whole Year. 

But i the Time given conſiſts of Years, and Parts of a Year; 
as Quarters, Months, c. Then reduce the odd Time or Parts 
897 oy» -ar197 a0 gy ante erten 


Operations; „ 


h EXAMPLE 
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Der 
Firſt the Amount of u for H, 35 Barn 1227283 C. 

2. I, 38225 p53 x — 265 J. = 362,355232, Sc, 


being 

Or, if the Amount and Time are given, to find the Principal; 
Then Multipiy the Amount of 1 J. for the Years, and the Amount 
of 11. for the odd Days together; And by their Product divide 
the given Amount, the Quotient will be the Principal required. 


ons} Bruty ply pal will raiſe a Stock of 3621 7 5. 15d. 
Or 362,3552324. in 5 Tears and 135 Days, at 6 per Cent. Ec. 


5 Years is 1, 338225 Cc. 
The Amount &f 2 for I Days is 1, 021785 Cc. 


Then 1, 338225 X 1,0217856 = 1,367378 &c. the Diviſor. 
Next 1, 367378) 362, 355232 = 4 (265 J. the Principal required. 


Again, if the Principal and its Amount are given, to find the 
Time, at 6 per Cent, &c. you muſt divide the Amount by its Prin- 
cipal, and then procced as in the Third Example, Page 256, for 
the Anſwer required. 

But if the Amount and its Principal, with the Time of its being 

at Intereſt, are given, to find the Rate of Intereſt; Then proceed 
as in the Fourth Queſtion, Page 255, &c. 
No in order to make this Table of Amounts for Days, uſeful 
for all Rates of Intereſt (as before in that for Years) you muſt firſt 
find the Simple Intereſt of 11. tor one Day, both at the given 
Rate, and alſo at 6 per Cent. And call their Difference x. 

Thus, ſuppoſe the given Ratio were 8 per Cent. per Annum, 
Eirſt 100:8:: 1:0,08 And 100: 6:: 1 : 0,06 the Two Simple 
Intereſts for one Year. 

Then 365) 0,08 (6,00021917 Cc. the Simple Intereſt of 11. 
for one Day, at 8 per Cent. | 
And 365) 0,06 (0,00016438 &c. the Simple Iutereſi of 11. for 
one Day, at 6 per Cent. 

Their Difference 0,00005479 = x which may do indifferently 
well for ordinary ſmall Queſtions ; but where ExaQtneſs is requir- 
ed, it w'll be convenient to make Uſe of his Proportion. 


MMW Fiz. 
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As the Intereſt of 1 /. for one Day at 6 per Cent : 
— aber 2 


Is to the r Intereſt of 1 /. for one Day :: 80 is the 


Simple Intereſt of 1 L for one Day, at any given Rate: 
To a Fourth Number. ” 


That is, o, 0016438: 0,00015965 : : o, 0021917: 0,00021286 
Then 0,00021 286—0,0001 5965=0,00005 321 =. 


This æ being involved with the reſpective Amounts for Days, in 
the ſame Manner as was done with thofe for Tears (vide Page 258) 
the Refult will be the An/wer to the Queſtion. 


Se. 2. ANNUITIES of PENSIONS in Arrear, computed at Cam- 
found Intereſt. : 


HEN Annuities, &c. are ſaid to be in Arrear, fee Page 
248. And I ſhall here make ufe of «the fame Letters to 
the fame things as before in that Page, fave only that R 
is here equal to the Amount of 1 J. as in Seftion 1. of this Chapter 


= the Firſt Year's Rent of any Annuity without In- 


= { me Amount of the Firit Tear”s Rent, and 
its [ntereſts ; More the ad Year”s Rent. 


the Amount of the 1ſt and ad Years 
And RRu-- Ru + uv = See wh their /nterefis ; More the 3d 
| Year*s Rent, &c. 

Here RRu + Ru + u= A the Amaunt of any Yearly Rent or 
Annuity, being forborn T bree Years. And from hence may be 
deduced thefe Proportions. 

Viz. u: Ru :: Ru: RRu:: RRu: RRR and fo on in = for 
any Number of Terms or Tears denoted by t, wherein the laſt 
Term will always be Ri. 

Conſequently A— uRt— — the Sum of all the Antecedents 
And 2—= the Sum of oft the vents in the Series. 


And therefore it wopld be 1: R:: 4— .-: A— u Vide 
Page 188. ; i 
Ergo Au—uu = Ru —uuRt which, being divided all by u, will 
become A —u = RA— Rt. 

From this laſt Equation it will be eaſy to raiſe the following 
T beorems. | 


— A. Theorem 2. . 3. 


28 —2 
R — 


Thecrem 1. 


Of Compound Intereſt. 267 
Theorem 3, A=. If this Equation be continually di 


u 
_ vided by R, until nothing remain, the Number of thoſe Diviſſous 
will be t. See Page 255. * 


Theorem 4. 18 If this Equation be reſolved 


u 
into Numbers, according to the Method propoſed in Se. 3. Chap. 
10. the Root will ſhew the Value of K. 


i 
QuzsT1IO0N 1. / 201. Yearly Rent, or Annuity, &c. be for- 

born (i. e. remain unpaid) Nine Years ;, what will it amount to, at 

6 per Cent per Annum, Compound [nteref# ? 

Here is given u = 30, g, and R = 1,06; to find A. per 


Theorem 1. 
R9=1,689479 By the Table cf Amounts for Year: 
30 = un 


Rou = 50, 684370 


— — 30, 


R — 1 = 0,06) 20, 684370 (344.7395 = 344k. 145. 94d. = A 


QuesT1ON. 3. What Yearly Rent or Annuity, & c. being forborn 
er unpaid Nine Years, will raiſe a Stack of 3441. 145. 95d. = 
44»7395, «t 6 per Cent. &c. | 
re is given A = 344.7395, f= 9, andR =1,06; to find , 
per Theorem 2. 
| AR=7344,7395X1,06 2365, 42387 
— 4= 34457395 


R—1=1,689479—1=0,682479) 208437 (30=u. 


- QuesTrION 3. In what Time will 30 J. Yearly Rent raiſe . 
Stock or Amount to 3441. 145. 94d. allowing 6 per Cent. for the 
Forbearance of Payment ? : 


Here is given u = 30, A = 344,7395, and R=1,06; to find 

3 ft AR-bu— =365,423874+ 0.6843 
35.423877 730 — 344,7395=5 7 

And u=30) 30, 68437 (1, 8947... Then 

R=1,06) 1, 589479 (1, 593848. And 1,06) 1, 593848 (1, 50363; 

and ſo on until it become 1,06) 1,00 (r. which will be at the 

Ninth Divifton ; therefore : 9. 


M m 2 Or 
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Or Ri = 1,689 ing ſought in the Table of Amounts 
— will CES DIRE: — i the 


QursT1ON 4. / 301. per Annum, nf Gated Tr Years, 


will amount to 344). 145. 94d. allowing Intereſt for 
every Payment as it becomes due, What muſt the Rate of Intereſt be 
Here is given u= 30, A=344,7395, and t=9; to find R 
by the laſt of the Four Equations, Fiz. ſ AR BED 
u 
A , NY 
Firſt -= = 2235 = 11,491 31 7. And 4 = =10,491317- 


Hence there is this Equation; 11,4913) R—R9=10,491317 


Let : |+e=K, and ſuppoſe r=1 
1S-t] 21/9 +gr%e +36 RS 
: in Numb. | ;|11,491317+11,491317 e=11,491317R 
2 in Numb. | 4 | 1,000000+9,000000e + 36 ee=R9 
3—4] 5 [1049131 72,491 317 — 36 ee=10,491 317 
Whence] 636 ee=2,491317e | 
6— 36 e| 7 þ=0,06 &c. 


<a | ( 4s may be eaſily try'd by involving 
Firſt r=1x1 
er cee 2 and —__ as the Equa- 


Seftion 3. To find the Prs zx WorTH of Annuities, Penſions 
2 Leaſes, &c. at Compound £5 ; 


ET P= the preſent Worth of any Annuity, or Leaſe, &c. 
and the reſt of the Letters as before. 
Chap. 11. about 


Then, from what has been ſaid in Sedion 3. 
Purchoſfing of Annuitics, &c. at Simple Intereſt, it will be eaſy 
to form the like Theorems here at Compound Intereſt, viz. by Com- 
— Tbeorem 1. Page 266. and Theorem 1. Page 254 into one 

he:rem. 1 


1 =; e ee Yearly Rent being un- 
or 


d any Number of Tears. Per Theorem 
1. of the laſt Seflion. Page 266. 
(The Amount of any Principal or Sum being put to 
And de Ra for the ſome Number of Years. Per 
Theorem 1. Page 254. 
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raiſed from the 
of Leaſer, &c. to be grounded upon a Rank or Series of Geometri- 
cal Proportionals continually decreaſing, Thus —— is the Ting and 


Annuities, or taking 


Greateſt Term; R the common Ratio of all the Terms; and Pis 
the Sum of all the Series. 


That is, 


ene 
* M 7 M M N N 


in => until the laſt Term = =. Thenwill — — be the Sum 


i 
of all the Antecedents, and F — = the Sum of all the Conſequents. 
Therefore it will be 


1 r 
T F Or (i che fame Ratio] a: — ::P —_ 


* 
which produces PH. — u Rt = PRt—u. As above. 
From this Equation may be deduced the following Theorems. 


u Which, bei 
Theorem 4. {= Rt + Re — + * +, | The reſolving of which 
Equation will diſcover the Value of R. 


- Queſtion 1. What is 301. Yearly Rent, to continue Seven Years, 
worth in ready Money, allewing 6 yer Cent. Compound Interet ts 
the ; 


Here is given u = 30. . And R = 1,06 to find F. per 
| u * 


And 30 — 19,9517 L, 0483 — . 
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Then R —1=0,06) 10,0483 (167,4716=P= 167 L. gs. 5 
being the Anſwer required. 0 


Queſtion 2. What Annuity or Tearly Rent, to — Seven 
Tears, may be purchaſed for 167 L. 95. 5 d. allowing 6 per Cent. 
Compound [ntereſt to the Purchaſer ? 


In this Que ton there is given P=167,4716 . t=7 
And R= 1,06 to find u. By the Second T beorem. 
Firſt PRtXR=251,8153 X 1,06=266,9242 
And — PRt=167,4716X1,50363)=251,81 53 


| Then 1 =0,50363) 15,1089 (30=u 
That is «= 301. the Anſwer required. 


' Queſtion 3. How long may one have a Leaſe of 301. Yearly 


Rent, 671. 9s. 5d. allowing 6 per Cent. Compound Interef 
Nr : — 


Here is given P=167,4716 . 2230. And R=1,06 to find 1. 
By the Third Theorem. 
Firſt P+u=167,4716+30=197,4716 
And — PR =177,5199 


Then 19,9517) 30 = u(1,50363= Rt 


If this 1,50363=Rt be either continually divided by 1,06=R 
nothing remain (as before in Page 255.) Or if it be fought 
in the Table of Amounts for Years, &c. it will diſcover t=7 


Queſtion 4. Suppoſe one ſhavild give 1671. 98. 5d. for the Pur- 
chaſe of a Penſion, or Annuity of 30 l. per Annum, to continue Seven 
Tears; At what Rate of Intereſt, per Cent. would that Purchaſe be 
made, allowing Compound Intereſt to the Purchaſer ? 

In this Queſtion there is given, P 167,716. « = 30 and 
t=7 to find E. Per Theorem: 4 in this Equation {+5 == 
RI R. Rt: which being brought into Numbers, and its Nast 
extracted, as in the tourth Queſtion of the laſt Section; the Value 
of R will be found 1,06, and then it will be 1: 0,06: : 100: 6 
the Rate per Cent. as was required. 


Theſe 


Of Compound Tatereſt. a. 
Theſe four Queſtions include all the Varieties that can be 

haſing Annuitiies or Leaſes, te. which wow te 

i entered upon, or in Poſſeſſion at the Time 

1s made. . | 


Queſtion is, to find what 75 J. per An- 
ſeven Years, is worth in ready Money; as if it 
| upon: And to perform that, there 
= 7. to find F. as in the firſt 


= 7/57, = 498793. And 75—498793=25,120y 


to the firſt Part of the . 

the next Work will be, to find what Principal or Sum 
being put out ten Tears, at 6 per Cent. &c. will amount to 418 l. 
145. 64d. Here is given 4=418,6783, R=1,06, i=10. to 
find P. per Theorem 2. Page 254. | 


Thus R*'*=1,790847) 418,6783=A (233,7884=2331. 155. 
9d. the preſent Worth of 751. per Annum in Reverſion, &c. As 
was required. 


1=0,06) 25,1207=418,6783 =4181. 145. 624. the 
Queſtion 


"Example 2. What Annuity or Yearly 
« upon Ten Years hence, and this to continue 


In the 1 Work of this Queſtion there is given, P=234,7884 
R=212,06. And fi (the Time which the Annuity is not to be en- 
tered upon) to find A. per T beorem 1. Page 254. 


Thus, PRt = 233,7884 X 1,790847 = 418,6783 = 4 the 
| | Amount 
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Amount of 233 l. d. put to Intereſt Ten Years, at 6 
Rani bee be ener) find ©, Per fee: of ths Schon 


is to be enjoyed) to find u. Per Theorem 2. of this Section. 
RXR=418,6783X1,50363X1,06=667,3095 
—PR=418,6783 X 1,50363=629,5372 


R—1=0,50363) 37.7723 (75 =» 
That is, u=75 l. the Yearly Rent required by the Queſtion. 


Theſe t wo Examples of finding P and u do fully ſhew the Me- 
thod that muſt be uſed in Reſolving the two general, afid indeed, 
the moſt uſeful Queſtions about Annuities or Leaſes in Reverſion : 
And if there be Occaſion, either the Rate, er the Time, viz. R or 
t, may be found by a due Application of their reſpective Theorems. 


Note, That which hath been done in the two laſt Sections 
& about Annuities or Yearly Rents, &c. at 6 per Cent, may alſo 
« be done for any Rate of Intereſt, by applying the Difference of 
« the Rates (viz. x.) As directed in the firſt Section of this Chap- 
en tex.” - 


Now becauic hat Rents and Annuities, &c. are uſually paid ei- 
ther by Quarterly or Half Yearly Payments, and the Method of 
computing them by the Pen may be thought a little troubleſome ; 
I have inſerted the following Tables of the Amounts of 1 |. for 
each, at 6 per Cent. | | 


Annuities ofq 


Annuities of 1 Annuities of | os 

u at 6 per 1 at 6 per II at 6 
Alcea. Com- A Cent. Com- Cent. Com- 
|” 8 pound Imereſt.| 2 pound Intereſt.. 2 pound Intereſt. 
© 2 | - . 
1,0 9563⁰˙ 11,3777875592 21,8437905523 
211,06 121.4185 191122 | 22 1,8982985 583 
34913367949 13[r,4604548127 } 231 1,9544179853 
44,1236 14]1,5036302590 | 2412,0121964718 
35,1568 175 15]1,5480821017 | 25[2,0716830644 
1,191076 16 15938480745 262, 1329282601 
1711, 70276 | 2712,1959840483 
18] 1,6894789589 28, 26090395 57 
1911,73942592493 | 2912,3277430912 
2011 2E $193! 


Quar- 


= ©| Amounts of 14j= © | ®O[ Amounts of 17 
Fla 6 per Can. [FS at 6 ger Cane 
I 2 |&e. Compoundſ'5 & a 1 225 
> 2, | . 12 E >| 
| 21 13578624938 41]1;8171263199 
| 22[193777875592 42] 18437905523 
| # 2311, 0019 431, 8708460509 
| 2414185191122} 44| 18982985583 
2511,4393342435 | 45| 192615 38989] 
— day . — wc 
| 14604543127 | 4611-95441 79853] 
| 711,1073509032] 2711,4518853020 479830968140 
8,1236 | 281]:,5036302590| 4812,0101964718| 
9, 400875335] 29] 1-5256042978 492,041 7231330 
10 1,15681700; 1,5480821017 Ly — 
— — — — 
1114737919574] 31/1, 70984203 5$1|2,1920826228 
| 12{1,191016 4 32[1-5938480745 522, 1329282601 
137, 2084927856] 33]1,6172359557 | 53|2-1642265211 
1411, 22622608 341 1-6409670276 $4; 
15]1-2442194748} 3511695046325 3 55 
| 16]1,26247696 - ] 36]1,6894789589.| 56 
| 1 79 122810023527 37{1,7142701133} $7122 1123 
181, 2997993842] 3811,7394250493 | as ten 
19] 123488726439] 39| 17649491048 2,3 . 
2011,35822557761 - 4228226253 222265541235 


Either of theſe Tables may alſo be made uſeful for any propoſed 
Rate of Intereſt ; by making the & or z of the Difference of the 
Rate = x, &c, 

As for Inſtance, ſuppole any of ihe aforeſaid 
Annuities or Rents, &C. N e * per 
Annum. 
Galen e 2s before. 

equently 2) o, oa (o, ot ear”s Payments. 
Or 4) o, oa (0,005=x for Quarterly Payments. ... 

Now theſe Values of x, — 2 are not really true, 
they erve indifleremly well e Rents ; —Y how 
ready ſaid, Page 265. But if you would work exaQtly ; 
Then / 1,08=1,0392304845 &c. 

— * 1,06=1,0295630141 Vide Table, Page 272. 


Difference = 0,009667470 = = x for + Yearly Payments. ** | 


Rome about 


2 
4 


* 


* 
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And y : y 1,08=1,0194263092 &c. 
— 2 * 1,06=1,0146738461 See the Laſt Table. 


Their Difference 0,0047524631 K. for Quarterly Payments. 
Theſe are the true Values of x, which being involved with their 
reſpective Amounts (as before for Years, &c.) according as the 
Queſtion requires, the Reſult will be the Anſwer at 8 per Cent. 
&c. The like may be done for any other Rate, either Greater 
s than 6. 
* although the Method uſed here (and in Page 257 and 
258, &c.) be really true (by which the Tables calculated only for 
6 per Cent. are made effeCtual for all Rates of — eft ) 
et it was rather propoſed to ſhew what may poſſibly be 
the Pen without a great many Tables of Rates, than 
intended for common Practice. 

For it muſt needs be confeſs'd, that Tabler calcylated on Pur- 
for any deſigned Rate of Intereft, are much more — — 
e ei the Legiſlative 
Power hath thought fit to er er 
ſettled it by an Act of Parliament, at 5 per Cent. Pve therefore 
been at the Trouble (which was not a ele ) to calculate the fol- 

Tables for that Rate; but don't think it convenient to take 

ables at 6 per Cent. out of the Book, becauſe the Examples 

— to them; and not only ſo, but they may be found 

uſeful in the taki of Leaſes for Houſes, Er. For in thoſe 
Caſes, the Purchaſer is allowed more Intereſ for 1 — 

*** one y. 


Of Compound Intereſt, &c. 
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Here follow New Tables of the Amounts of one Pound at the 
Rate of 5 per Cent. per Annum Compound 
3 Quarters, Months, and Days. 


Intereſt. For Tears, 


Nnz 


A The Table of the Tearly Amounts of 1]. Tc. 
| The | } | The | | The 
| <] Amonnts of | {|| x} Amouats of } | || <; Amounts of 
> 21 14. &c. >2| L &. | |> . 
| * ; 
| gap os 
I:1,05=R 14|1-97993160 2713»73345032 
ä R 152, 078928 18 28 3,92012914 
| 3/1157625=R) rn — 29411613599 
421630625 * — 3,3219439 
ee eee e 
1— 4 923 311433803919 
6 1, 34009564 ñ192,5269 5019 | 324.7649417 
; 1,40710042  2042,0532g770} | 3315,00318854 
8 Yrs ne 2533477 
3513282: 785828 335757881535 
2 5551328 * — 53 
| 10[1,62889463 245917124 
— — 363-7152375] 35 5279181613 
| "x 1,71033936 | 241322509994 37 gr ns... 
12, 79585633 ' 251338635494] | 3806, 38547729 
1311,88564914 | | — _| 39170475115 
| TE The Table "of 8 Amount of 1). &c. 
| A "DN" WW: The '2 = The 
U — Amounts of 5 Amounts of || |] Amounts of 
> v} 14. &c. > = wu. Kc. > 7 14. &c. 
8 | ©, © 3 
OY 1,02469507 11 1, 30779943 21 1,669 1203 
211,05 120 f, 340 564] 2327,7103393 
347,7 59298 1311-37318940] 23,7523 7632 
4,1025 1411,40710042 2417958563 
| 5111297263  1511,44184887 | 25 16402051 
| G6fr-57625 | 169147745544] | 2611,8856491 
7,1862126 1711, 51394132 271193221639 
$]1,21550625 i8[1,55132822] 287979931 
5 g11,24552327 | 1951 58963838 - 29 2,02882616 
1011, 27628756 201 1,5288 | o[2,078928r 


II Tre 
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III. The Table 


of the Quarterly Amounts of 11. &c.. 


Part II. Ch. 12. 


Amounts of |=} | Amounts of 
| | * 2 
1,0122223 2111,2919443 41,6488 
2[1,02469507] 22, 307943] | 42] 1,66912031 
31103727037] | 23]1+32384905 1,6896041 
1 241"+34209564 $7103999% 
511,062 595; (25 13555471 173132904 
5 1,07592983 | 26137318940 17525763 
7,8913389 271, 390041310 177408435 
1110283 281, 40710042 8 11,7958563 
„11603014 291, 42436869 1,81 78954 | 
Loft 12972632] | 3u ——— 50.400513 
1143599 | 3r11:45954358| | 378627885 
12,1763 | | 321147745544 | $2[r,8856491 
1311917183164) | 33/1,49558712| | 5311,9087902 
14 118621264 | 34 1513941 32| 57193221539 
r5[1,20077012], | 35 153252076 551195592799 
1627550625 36 155132822! | 56197993160 
1711,23042323 | 371157036648 57 2,00422978 
18 1724532327 38 1,58963838 | 58 2,2882616 
——— 39 1,6091460 | 59 2,05372439 
, 201 1, 27648156 40 1,6288946;Þ 60 2,07892818 


— — 


- 


| V The 72 of the Monthly Amount, or i. Kc. 


=} The | || &} The Sf he 
|| = | Amounts of |. il 5 Amounts of Il 5 | Amounts of 
4 | ; 0 
þ — 1 1988 — 
3 100407412 5 102053728 1 9 503727037 
. 2]1,008164535] 6 1,0246950) 101,0414963 

| it | | y 
356.1227223 | 22886981 11110457385 

4[1,01629636 81103306155 121 
NOTE: The Amount of one Pound, for one Day, is 
1,0001 336807225, Oc. (ſound as that in Page 260) but in the 


following Table, I take only Nine of thoſe Figrrer, as being fuf- 


ficient in Practice, for computing the Interq of any Sum not 


pxceeding One Hundred Millions of Pounds. 


V. The 


Br Crate #77 


_V. The Table of the Daily Amounts of 1 L &c. 


1,0054955 


7 


t,010075 75 


101021083 


15005630 77, 0103458 

43100576443 78] 1,01043093 

441,005 89888 79] 1,0106160z 

| 451100603335 101075112 

— 461, 00616784 81] :,01088623 

100160335 | 47[1,00630234 954701102137 

1500173924 48]: 00643987 8 :,01t1565” 

1500187315 4911-0965 7141 8 4,01 129169 

1 ,002007 50[1,00670597 85] 1,01 — — 

,o 14103 511, 0068405 5 861,011 5920 

[,00227500 $2[1,00097514 87150116973 

181, 00240899 53,007 10975 881 1,01183256 

00254299 54, 0072443 & | (491196783 

1,00267 JOI 5511,0073790 go 101210311 

1, 028 1105 561, 00751370 91101223941 

0029451 57, 0764839 9501237372 

1,0030791 8 3811, 007783 92] 1,01 250906 

24]1,00321 327 $9{1,00791 781 9] 1,01264441 

25]1,00334738 6011 ,00805 255 9 1,0277978 
2 — 61100818731 90,1291 517 

271100361 565 62,08 32208 9 | 1,01 305058 

2811, 00314982 63]1,00845687| gs] : ,01 318600 

2c} r1,00388400 64|1,00859168 gr | 1,01332145 

3c|t,00401 820} 65 1.006 72651 ioc 1,01 345691 

32 — 66 t,008861 36 lorf1,01359239 

> 32]1,0042866 67]:,00899623] | 10211, 01372788 

| 3:[1,00442091 6811,00 913111 1031.013863 40 

34þ1,00455518] | 6g[1,00926601} 10, 393683 

35 1,0045894) 70 — ros, 141344 


_ 


% 


' 1361101834559 


n Att. | | — 


1,02 380514 


1,02 394200] 
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21601 „02929395 


: 


The | The * The ; 
Amounts of | Amounts of 
1. &. 1 &c. 5 — 2 
„„ * 18 9 
1,01440504 1 1,0254487c 
1201484525 9 | | 189/1,0255857t 
1,01407087] — I 1792572305 
1201481252 1,0202531 = — - 
egg [roman [ai 
1,01508 38 — * — 
1,0152195 1,020 . — — 8 
1,0153527 i ,02079878 * 
1,01 549 00 188 — ws — 
1,0156026 42 | 
101570252 — 9. 100 1,0268201 
101589831 102134473 100 2706976 
— — — 200 1,0276 
— i 20¹ 23221 
1,0163078 52788852 — —— | 
—.— — 2758 203] 1,027 50b8t 
1,0165775 — 5 — 
— «Rn 58 2051, 27786 
bee: — 286 1,0279189 
1823827 — v4 207 1,0280564c 
1,01712122 — 206 1,0281938 
1,0172571 . —— 
— 51723377 — 21001, 02846875 
. 2918 1,02 312100 777 75285602. 
1,0170521 ; 8 212]1,02874 37< 
1501780125 E 21301, 02888127 
311017937 31 1222222 2141502901881 
24 [1,01307 338 1,02353147 215|1,0291567- 
1,01820948 1,02 366082 51, f 


1,0294 3154] 


- 1,0184 17 | 7888 218|1,0295 914 
+,01861788] — ee 229 1, 297067 
101889024 1024. . 8 
—— I 02445904 221 1,0299821 
1,01902644) 1,02462059 2221,03011 
1501916267 — — 223 1,0302751 

; 1,01929891 1,02490055| | 224 1,0303952“ 
1,0194357 1025037 5 | 22511,030532 
1—123L4U — — 


_ 


23103122197 


103135983 
150314977 
150316355 
150317735 
1503191 14 
1,3204938 
1503218734 
1203232533 
103246333 
1,0326035 


3273939 
103287744 
1503301552 
13315361 
103329173 
1,03 342986 
1,03356801 
1,03370617 
1,03384436] 
1,03398157 
1,03412079 
1,03425903 
1,03439729 
1503453557 
1703467387 
103481218 
1,03495052 
1,03508887| 
503522724 
1,035 36563 


1,035 50404 
1,0356524) 
103578091 
1,3591938 


—_— 


1,03605 736 


[03675055 


1,03688914 
153702775 
1503716638 


15730503 
10374437 


150375823 
1037721 
t,03785982 
1,03799856 
1503813732 


1,0382709 


: 


| 


1503855371 
103869254 
1,3883139 
1503897027 
t, 3910916 
1, 924917 
1,03938 

120395 2594 
1,03906491 
1,03980389 
1,03994 289 
1,04008191 
1,04222095 
1,04036001 
1,04049908 
1,04063818| 
1504077729 
1,0409 1642 
104105557 
1504119474 
1,041 33393 
1,04147314] 


— 


— 


3314704151 236 


1,3841489 


3151,04300563 | 


Amount of 


104342397 


ud. &c. 


1,041 75 160 
1504189086 
50420301 5 
1504216944 
1, 042308 76 
104244810 
104258245 
1,04272683 | 
1504286624 


1,0431450 
1504328451 


„0435534 
104370297 


1-04 384249 
10439820 3 
104412159} 
1,04426117} 
104440077 


04509903 


1,4454038 
1404458002 
1504481957 
1504495934 


104523874 
1204537947 | 
1,045513822 
1,04565798 | 
104579777 
104593757 


. 
1045077 39 | 
1504621723 
„04635 Zo 
1, 464969 
770466 3650 
1,4677678 
1504697671 


504719661 


' 


ö 
1, 04 


—— 


Days 


r 


36—— At... 


340 . 


349, 1,4775671 363 1,0497193 
3501,04 696 364 [1,04985965 
35110480368 3651 


352 1,0481 76 


I think it needleſs to ſay any Thing of the Uſe of theſe Tables 
becaule I take it for granted, that whoeyer underſtands the Work 
of the foregoing Examples, at 6 per Cent. cannot but know how 
to make uſe of theſe Tables at 5 per Cent. as Occaſion requires. 
Thus far concerning Annuities, or Leaſes, & c. * are limited 
by any aſſigned Time; and tis only ſuch that can be computed by 
Theorems or certain Rules. However it may not perhaps be unac- 
ceptable, to inſert 2 brief Account of ſome Eftimates that have 
oy _— — „ by two very ingenious Perſons, about the 

tion or Difference of Men: — according to their ſe- 
— yon ; which may be of Uſe in computing the Palues 
of 1 or taking of Leaſes for Lives, & c. 

Sir William Petty in his Diſcourſe made before the Royal Society 
( Inno 1674) concerning the Uſe of DVrEIC ATE PxRoroRTION, 
in the Life of Man and its Duration; faith, that it's found by 
Experience there are more Perſons living of between 16 and 26 
Years Old, than of another Age or Decade of Years in the whole 
Life of Man (viz. 70 or 80 Tears.) His Reaſon for that Aſſertion 
I hall emit; but ſuppaſing it true, he thence infers, that the Roots 
of every Number of Mens Ages under 16 (whoſe Root. is 4) com- 

2 with the faid Number 4, doth ſhew the Proportion of the 
Lik elihood of fach Mens reaching the Age of 0 Years. 

As for Example, "tis 4 Times more likely, that One of 16 Years 
Ola would live to 70, than a New-Born Babe: *Tis 3 Times 
more likely, that One of g Year: 2 encin the Ay of 70, 
than the id Infant, &c. 

On the other Hand, *tis 


to 4, that One of 25 Years Old will 

die before One of 16: 6 to 5, that One of 36 will die before 

One of 25. And fo on to the Roots of any other de- 

clining Age, compared with (4, 6) the Root of 21, which is the 

Year of Perfeftion according to the Senſe of our Law, and the 

4. for whole Life a Leaſe is moſt valuable. 8 
2. 


doth, with great In- 
ion ot Mens 


he 
ae the Births and Funerals in 
Breflaw, the Capital Ci the Province of Silefta ; 
Germans call it, Sch Whence he proves that tis $0 to 1, a 


Now from theſe and the like Proportions (he juſtly infers) that 
the Price of Inſurarce upon Lives ought to be regulated, there be- 
ing a great Difference between the Life of a Man of 20, and one 
of 50. For Example: Tis 100 to 1, that a Man of 20 dies not 
in a Year, and but 38 to 1, for a Man of 50 Years of Age. And 
upon theſe alſo depends the /aluaticn of Annuities for Lives: for 
it is plain, that the Purchafer ought to pay only fuch a Part of 
the Value of any Annuity, as he hath es that he is living. 

And for that Purpoſe he hath taken the Pains (which was net 
a little) to compute the following Table (that ſhews the Value of 
Annuities) for every Fifth Year of Age to the 7th. 


Age | Tears Purch. | Hoe | Tears Purcb. | 1 ears Purch. | 
I 10,28 25 12,27 50 9,21 | 
51 13,40 30 1172 55 8,51 

10 13.44 + 60 7,60 
15 1393 | 4© 10,57 65 6,54 
1201 12,7 45 9,91 70 3.32 


The ſame ingenious Gentleman proceeds on, and ſh-ws how to 


eſtimate or find the Value of Tus Lives, and then of Three Lives, 
which being too long a Diſcourſe to be recited here, I have, for 
Brevity's Sake, omitted it; and ſhall only add this ſerious Obſer- 


Vation. 

Viz. How unjuſtly we repine at the Shortneſs of our Lives, 
and think ourſelves wrong'd if we attain not to Old Age; where- 
as it appears, that the One Half of thoſe, that are Box x, die in 
Seventeen Years Time. For by the aforeſaid Bills of Mortality 
at Breſlaw, it was found, that 1238 were in that Time reduced 
to 616. So that, inſtead of murmuring at what we call a fort 
Life, we ought to account it as a great Bleſſing that we have /ur- 
viv'd perhaps by many Years, that Period of Life whereat the one 
Half of the whole Race of Mankind does nc: arrive. 


Oo : | Sec. 


_—_—_— — — — — — — 
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Part II. 


Sect. 4. Of Purchaſing Fazz-H0LD, or REAL EgtTaTas; af 
Compound Intereſt. | 


LL Free-beld or Real Eftates, are ſuppoſed to be purcha 
or bought to continue for ever (viz. without any limited 
Time); therefore the Buſineſs of c ing the true Value of fuch 
Eſtates is grounded upon a Rank or Series of Geometrical Propor- 

tions continually decreaſing, ad Infinitum. . 

Thus, let P, u, R, denote the ſame Date as in the 
ey” " A 3». 
laſt Sei7:on. Then the Series will be, + FP - . Ks 
and fo on in = until the laſt Term = o. Then will P—o 


(viz. P) be the Sum of all the Antecedents. And P — + 


will be the Sum of all the Conſequents; therefore it will be 


wi T > hich produces PR —u=P. 


The EquatPn affords the following Tbeorems. 
Theorem 1. PR Pu. Tbesrem 2. — = F, 


— 1 
Theorem 3. — R. 

Example. * Suppoſe a Free-hold Eſtate of 751. Yearly Rent 
« were to be fold; what is it worth, allowing the Buyer 6 per 
Cent. &c. Compound Intereſt for his Money” . 

In this Queſtion there is givenu= 75. R= 1,06 to find P, 
Per Theorem 2. Thus R — 1 = 0,06) 75 = (1250. =P. 
the Anſwer required. And fo on for any of the reſt, as Occafion 
requires. But if the Rent 15 to be paid, either by Quarteriy, or 
Half Tearly Payments 5 Hay T7 
Then R = of 1,06 al carl 
Ard R=/ :/ 1,06 for Brerterl } Payments at 6 per Cent 

= 1,08 _— Ow | 
Or 4K = Half Tear | Payment at Cent. 
#==#; «7 08 for — A : oy 

Ihe like is to be underſtood for any other propoſed Rate of In- 

wh either greater or leſs than 6 per Cent. : 
he Application of theſe T beorems to Praftice is fo very ezſy, 
that it is peedleſs to inſert more Examples. 


AN 
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AN 


INTRODUCTION 


TO THE 


MATHEMATICS. 


PART HII. 


CHAP. L 


Of GeomeTRICAL Drrixrrioxs, &c. 
Se. 1. Of Lines and Angles. 


"ol INT hath no Paris: That is, a Geometrical Point is 


any Quantity, but only an aſſignable Place in any 
— „ denoted by a Point : As 
2 4 20 B. F j 4 * 


Such a Place may be conceived ban ft as to be wid of 
Length, Breadth, and Thickneſs; and therefore a Point may be 
ſaid to have no Parts. 

2. A Line is called a Quantity of one Dimenſ#:n, becauſe it 
may have any ſuppoſed Length,- but 0 Breadth nor T bickneſs, 
heing made or repreſented to the Eye, by the Mation of. a Point. 

That is, if the Point at A, be moved (upon the fame Plane) to 
the Point at B, à will deſcribe a Line either right or circular (viz, 
crooked) according to its Motion. 

Therefore the Ends or Limits of a Line are Points. 

3. A Ricnr Lins, is that Line which lieth ven or fire; 


betwixt thoſe Points that limit its Length, being the ſbsrteft 
that can be drawn between any T wo 1 P 
Points, As the Line A B. ; . 


Tberefre, between any tw Paints, there can lie ar be drawn but 
one right Line. 


% Oo 2 | 4. And 


- 
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4. A Cixcut ar, crooked or Ont1qQus Line, is that which 


lies bending between thoſe Points 
which limit its Length, as the Lines C D 
CD or FG, &c. 

4 Of theſe Kinds of Lines there Fe eats, Wo 
are various Sorts; but thoſe of the F G 
Circle,Parabola, Ellipfis, and Hyper- ; 
bola are of moſt general Uſe in Geometry ; of which a particular 
Account ſhall be given further on. 


. 


5. PARALLEL Lins, are thoſe g = 


that lie equally diſtant from one another 2 
im all their Parts, viz. ſuch Lines as be- 
ing infinitely extended (upon the ſame 


Plane) will never meet: As the Lines D 
AB andab:or CDand cd. & | 


6. Lines not PARALLEL, but INCLINING (viz. leaning ) one 
towards another, whether they are 


Right Lines, or Circular Lines, will 4 — 8 
(if they are extended) meet, and 4 

make an Angle; the Point where i... 
they meet is called the Angular Point, j 2 
as at A. And according as ſuch - 

Lines ſtand, nearer or further off B 


each other, the Angle is ſaid to be 

letler or greater, whether the Lines 4 

that include the Angle be long or 4 

ſhort. 'T hat 15, the Lines A d, and 1 
Af include the fame Angle as AB 

and 4 C do; notwithſtanding that 4 B is longer than Ad, &c. 


7. All AxGLEs included between Right Lines are called Right- 
lincd Angles ; and thoſe included between Circular Lines are called 
Spherical Angles. But all Angles, whether Right-lined or Spheri- 
cal, fall under one of theſe Three Denominations. 

A RicuT ANGLE. 
12 Osrusz ANGLE. 
An AcuTE ANGLE. 


$. A Rrenr-AxcLis is that which is irh betwint Tus 


- | That 


That is, AC, and CB, are Perpendicular to D C, as well as 
D, Ci to either or both of them. | 


9. An OxTusz ANGLE is that which is greater than a Right 
Angle. Such is the Angle included 1 
between the Lines AC and CB. 


10. An Acurz ANG is that BY 8 * 


which is leſs than a Right Angle: _— E 
As the Angle included between the Lines CB and CD. 


Theſe Two Angles are generally called OzL1Quz Angles. 
Sd. 2. Of a CixcLs, Sc. 


4e EFORE a Circle and its Parts are defined, it will be con- 
D D venient to give a brief Account of Superficies in general.” 
I. A SUPERFICIES or SURFACE is the Upper, or very Out- 
ſide of any viſible „. But by Super ficies in GEOMETRY, is 
meant only ſo much of the Out- ſide of any Thing as is incloſed 
within a Line or Lines, according to the Form or Fi eh 
a 


* 


moved (upon the ſame Plane) to CD; 
then will the Paints at 4 and B de- 
two Lines AC and BD; 
and by ſo doing they will form (and 
incloſe) the SurERxriciks or Figure 4 BCD, being a Dyantity 
1 it hath Length and Breadth, but not 

bickneſs. Conſequently the Bounds or Limits of a Superficies are 


:Lines. 


Note, 


| Side 4 


2. A Cnc x is a plain regular Figure, whoſe Area is bounded 
or limited by one continued Line, called the CixcumprErRtnceE 
or PERIPHERY of the Circle, which may be thus deſcribed or 


drawn. 
a Right Line, as CB, to have one of its Extream 
Points, as C, fo fixed upon any Plane, as that —_— 


will be the Circumference or Peripbery "of that 
Circle; the Point C, will be its CENTER, and 
the contained Space will be its Area, and the Right Line CB, by 
which the Circle is thus deſcribed, is called Rabius. 


ConſeQary. 

% From hence it is evident, that an infinite Number of Right 
* Lines be drawn from the Center of any Circle to 
touch 1 » which will be all equal to one another, be- 
cauſe e all Radius's. And with a little Conſideration it 
will be conceive, that no more than two equal Right 
Lines drawn from any Point within a Circle to touch 
its but from the Center only.” (9.) 

CLES are thoſe which have equal Radizs's; 


L Cin 
0 laſt Definition, that one and the fame Ra- 
) muſt needs deſcribe equal Circles, how many ſoever 


ma 
its 
they ar 
be eaſy to 
can be 
_— 


L 


IT 


—_— 
_—- "a 
be. 


n is twice - + 


cle into Two equal Parts. | 


5, A Saniieb (viz. Half a Circle) is a Figure included be- 


tween the Diameter and Half the F ut off b 
1 , eriphery cut off by the Di- 


6. A 


Chap. 1. Of Definitions, &. 237 
6. A QUaDRANT is half a Semicircle, vx. one Quantr of» 
Circle; and it is made by the Radius 

go DD tg Is © 
iameter of the Center C, cutting the 

Periphery of the Semicircle in the Middle, 

as at DO. Therefore a Quadrant, or 4 8 

«© half the Semicircle, is the Meaſure of 

“ a Right Angle.” 8 


7. A Chord Ling, or the Subtenſe M * 

of an Arch, DURA 5 
the Circle into two unequal Parts, as the Line SG; and is always 
leſs than the Diameter. 
8. A SzGMENT of a Circle, is a Figure included betwixt the 
Chord and that Arch of the Periphery which is cut off by the 
Chord: And it may either be greater or leſs than a Semicircle; as 
the Figure S DG, or S MG. 

9. A SECTOR is a Figure included between Two Radius of 
the Circle, ny that >. of 2 
pbery where they f as the 
ACB: And the Arch 4B is the Mea- 
ſure of the Angle at C, included betwixt 
the Radiuss AC. and B C. 


Note, All Angles of Sectors are call- 
66 ed Angles at the Center of a Circle,” 


10. An AxGLE in the Segment of a Circle is that which is in- 
cluded between 'Two Chords that flow from one and the fame Point 


in the Peripbery, as at D, and meet with the Fnds of another Chord 
Line, as at F and G. 


That is, the Angles at D, at Fand at &, are called Angles at 
the Peripbery, or Angles ſtanding on the Segment of a Circle, 


: Sect. 3. Of TxiAx Es. 


There are two Kinds of Triangles, biz. Plain and Spherical; 
& but I ſhall not give any Definition of the Spherical, becauſe 
« they more immediately relate to Aſtronomy.” 

1. A Plain TRIANGLE is a Figure whoſe Area is contained 
within the Limits of Three Right Lines called Sides, including 


Three Angles . And it may be r. 
according to its Sides or Angles. 


— 


* By 
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3 
x. By its Stoxs. 
2. An EqQuitaTzraLt TRIANGLE, 
is that which _ _Y Sides 
equal; as the Figure | 
That is, AB=B C=AC. 7 S 
3. An Isosczlzs TaIANx TE, is that 9 
which hath only Two of its Sides as the 
Figure BDG: That is, BD=DG; but the 
Third Side B G may be either greater or leſs, 
as Occaſion requires. 
15 C 


4. A Scatexnt TRIANGLE, is 
that which hath all its Three Sides 
unequal ; 
fuch as the Figure HKM. 


2. By its Ax cxs. 


5. A RiGHT-ANGLED Triangle, is c 
that which hath one Right Angle; that a 
is, when Two of its Sides are P 
dicular to each other, as CA is fi 
to be to BA Therefore 


' Angle at A, is a Right Angle,” per l 
Dekin. 8. SeQ. 1. B . A 
Note, *The longeſt Side of every Right-angled Triangle (as 


« BC) is called the Hypotenuſe, and the longeſt of the other Two 
« Sides which include the Right Angle (as B A)is called the Baſe : 
« The third Side (as CZ) is called the Cathetus or Perpendicu- 


_ 


6. An On rusi-Ax cl Triangle, is that which hath one of 
its Angles Obtuſe, and tis called an Amblygonium Triangle. Such 
is the third Triangle HKM. 

7. An ACUTE-AXGLED Triangle, is that which hath all its 
Angles Acute, and tis called an Oxygonium Triangle; ſuch are the 
and ſecond Triangles ABC, and BDG. 

Note, © All Triangles that have not a Right Angle, whether they 
ate Acute, or Obtuſe, are in general Terms,called Oblique Trian- 


« ges, 


1 . 


Sect. 4 Of Foux-s1pzD Ficunzs, &c. 


1. A ARE is a plai Figure, 
whale Sree Kenined by Four exual Side ali 
cular one to another. | 
is, when AB=BC=CD=DA, 
and the Angles A, B, C, D are all equa!, | 
then it is uſually called a Geometrical Square. Ale 


2. A RnomBus,: or Diamond-like 
Figure, is that which hath Four equal 
Sides, but no Right Angle. That is, 
a Rhombus is a Square moved out of its 
right Poſition, as the annexed Figure. — 


* 


A RxgrTAN GTI, or 2 Right-angled Parallelogram ; often 
c 


an Obleng, or long Square) B 
is a Figure that hath four Right- | 
angles and its two Sides | 
equal, viz. B C=HD= and BH 2 5 
=CD. N 


* 


4- ARnes, is an Oblique-angled Parallelogram; that 
is, it is a Parallelogram moved out of 2 


1 ion, like the anzexed ; 8 
hs og A AJ 


3. The AT crrudz or Height of any Oblique angled Paralie- © 
hogram; viz. either of the Rhombus or 


Rhomboides, is a Right-line let fall perpen- j | 
| dicular from any Angle upon the Side op- . 
poſite to that Angle; and may either be 


within or without the Figure: As the pricl'd Lines in the annexed 
2 


"Tp 6. Every 
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6. Every Four-fided Figure, dif- | | — 
ferent from thoſe beſore- mentioned, * 


is called a "'TRAPEZIUM. 
That is, when it has neither op- 


Peſite Sides, nor 1 te 28 equal ; 
as the Figure A 


7. A Right-line, drawn from any Angle in a Four-fided Figure 
to its oppoſite Angle, is called a Diacoxar Line, and will divide 


the Area of the Figure into two Triangles, being denoted the 
pricd Line AC in the laſt Fi * 


8. All Rigbt-lin'd — have more than four Sides, are 
called Polygons, whether they be regular or irregular. 

9. A REGULAR — is that which hath all its Sides 

equal, ſtanding at equal Angles, and is named to the Num- 
ber of its Sides (or Angles). That is, if it have five equal Sides, it 
is called a PEXTAGOoN ; if fix Sides, it is call'd a Hzx acon ; 
if ſeven, it is a Hzrracox; eight, 'tis an OcTAGON, &c. 


Nate, . All regular Polygons may be inſeribed in a Circle; that 
c is, their Angular Points, how many foever they have, will 
& all juſt touch the Circle's Periphery.” 

10. An IxxeEGUuLar POLYGON is that _ which hath 
unequal Sides ſtanding at unequal 

Angle (like unto the annexed Figure, or 

— A ; and of ſuch Kind of Polygons 
there are infinite Varietics, but they may 
all be reduced to regular Figures by draw- 

| ; as ſhall be 


AAN the moſt uſeful 
Theorems concerning Superficies; for then thoſe Definitions may 
be more eaſily underſtood, and will help | 

Idea of their reſpeCtive Solids, than it is poſſible to conceive of 


them before; and therefore I have reſerved thoſe Definitions un- 
ul we come to the Fifth Part. 


hp . Of Definitions; bre. 291 


Seck. 5. Of fuch TEAM as are generally uſed in Geometry. 
IV Hatſoever is propoſed in Geometry will either be a PRoB- 


LEM of a "THEOREM. 

Both which Euclid includes in the general Term of Propoſition. 
_ _ APxroBLEM is that which ſomething to be done, and 
relates more immediately to practical than ſpecvlative Geometry ; 
That is, tis generally of ſuch a Nature, as to be performed by 
ſome known or commonly received Rules, without any Regard had 
to their Inventions or Demonſtrations. 

A TazorEM is when any commonly received Rule, or any new 
Propoſition is required to be demonſtrated, that fo it may from 
thence forward become a certain Rule, to be relied upon in Prac- 
' tice when Occafion requires it. And therefore ſeveral Rules are 
often called Theorems, by which Operations in Arithmetic, and 
Concluſions in Geometry, are performed. 

6 Note, by DEMONSTRATION is underſtood the higheſt De- 
« gree of Proof that human Reaſon is capable of attaining to, by 
« a Train of Argumentsdeduced or drawn from fuch plain Axi- 
«© oms, and other Self-evident Truths, as cannot be denied by 
« any one that conſiders them.“ 

A CororiLary, or ConstcTARY, is ſome Conſequent Truth 
drawn or gained from any Demonſtration. 

A L:maa ts the Demonſtration of ſome Premiſes laid down or 
propoſed as preparative to obviate and ſhorten the Proof of the 
Theorem under Conſideration. / 


A SCHOLIUM is a brief Commentary or Obſervation made upon 
ſome precedent Diſcourſe. 


N. B. © I adviſe the young Geometer to be very perie& in the 
«© Definitions, viz. Not to reſt ſfatisfed with a bare Remembrance 
* of them; but, that he endeavour to gain a clear Idea or Under- 
& landing of the Things defined; and for that Reaſon I have 
«© been fuller in every Definition than is uſual. 

4 And, that he may know from hence moſt of the following 
« Problems and T beorems contained in the two next Chapters are 
6 collected, I have all along cited the Propoſition and Book of 
« Euclid"s Elements where they may be found. 

« As for Inſtance ; at Problem 1. there is (3. e. 1.) which ſhews 
« that it is the Third Propoſition in Euclid's Firſt Book. The 
< like muſt be underſtood in the Theorems. 


P p 2 _ 


CHAP. IL 


The Firſt Rup1MExTs, or Leading and Preparatory ProBLEMS, 
in Plain GxoMETRY. . 


N order to the following Problems, the 
meter ought to be provided ward 6 thin Graighs made 
Nr and two Pair of very good Com- 

« paſſes, viz. one Pair called — — be- 
« mg very ing of Figures . or 
„ with Black Lead or Ink; and one Pair of plain ra Compaſs 
6 „„ TEE 
© Non: TT III0s And then he may 
4 28 ork with this Caution; — ments 

H Maſter of one Problem before he undertakes the nent: 

* That is, he ought to underſtand the Deſign, and, as far as he 


can, the Reaſon of every Problem, as well as how to do it; and 
9 rr ey dang all 


grounded upon theſe following Poftulates. 


Geo- 


PosTULATES or PETITIONS. 


1. That a Right-line may be drawn from any one given Point 


PROBLEM I. 


Tas Ribs king gh, is ad her Sam. end Die 
e. 1 


EFT TOR © | 2 
Make the ſhorteſt Line, as 
ſcribe a Circle : From its Center 4 


PRO 
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The firſt Rudiments 


- PROBLEM UV. 


eur give (ar AB) into two equal 


= 


To biſett 


and B) with any 


(10. . 1) 


PROBLEM m. 


From both Ends of the given Line (viz. 4 


given, into two equal Angles. (g. e. 10 


Right-line given 4 B, to make « Right-lin'd 


PROBLEM TV. 


to a Right-lind Angle given C. (23. 6 1.) 


Mt a Point A, in 4 


r 4 * b | | 
* PROBLEM V. 
Ti. de,. @ Right-line, as F D, parallel to 4 given Right-line 


AB, that through any aſſigned Point. as at x, viz. at 
2 67. 7. "ou 


Take any convenient Point in the given Line, as at C, (the 


—— 


o © N 
and x draw the Right-line F D, and it will be parallel to the Line 


PROBLEM VL 
let fall „ as Cx, ; ight-line 4B, 
an- N EG 


Upon the given Point C deſcribe ſuch an Arch of a Circle as 
given Line 4 B in two 


Upon taken at 
pet hed tbe ſuch a 
as W through the 
from whence the Perpendicular 
be ra! as at B, (viz. make C 
Radius): And from the P:int where 
the Circk cuts the given Line, as 
at £,. draw the Circk's Diameter 
40; then from the Point D 
draw the Right-lne DE, and it will 


T 
F 
7 


er pendicular as was required. 


- The firſt Rudimients or Problems. ag 
PROBLEM VII. 


, a AB, — Number 
RIES IT 


„ r 
RN 
AD _ BC to any ſufficient- 
Length ; then upon thoſe Sides, 


To divide any given 


igure, thoſe Lines will divide the given Line AB into the Num- 
ber of equal Parts required. 
PROBLEM IX l 


To deferite Circle that ; through any three Points 
Dm avs {5 ag the 439. 


Join the Points 4B and B D with Right-lines ; 2 


as at C, will be the Center of the Circle 
required. 


| 1. To find the Center of any Circle given. (1. c. 3.) 
By the laſt Problem it is plain, that if three Points be any where 
ks the Se ts EE er in 
of that Circle may be found as before. | 
2. If a Segment Circle be given, ta complete or deſcribe the 
id yu whole Circle. 


This may be done by tak three Points i the given 
. hy * 
PRO- 
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PROBLEMAX. 


A 
PROBLEM Xx. 


PROBLEM XL 

given Right-line, as AB, to form a Square. (46. e. 1.) 
End of the given Line, ere the Ferpendi- 

equal in -”, av » 8 D 
VIZ. D A; . 


ov- "ing, 
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PROBLEM xl 
Tus unequal Right-linet being given, to farm or make of them a 
aa rang” 


AB; viz. make DC= AB: Join DA with a Right-line, 
it will form the Oblong or Parallelogram required. 


"As for Rhonibus's and Rhomboider's, to wit, Oblique-angled Pa- 
are made, or deſcribed, after the fame Man- 

ner with the two laſt Fi n 
pendiculars, you muſt ſet off their given Angles, pro- 
ceed to draw their Sides parallel, He. as before. 


| / 
| PROBLEM XV. N 
any gt 2 inler ih | Angles 


| Draw any Right-line (as E U fo as juſt to touch the Circle, 
6» at 4j then make the Angle > & Fy 
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 _ PROBLEM XV. Fo 


In T as AB Circle that 
r 


| PROBLEM XVL 
To deſcribe a Circle about any given Triangle. (5. e. 4 
This Problem is in all like the Ninth, vis- 


biſecting any two Sides of the given Triangle; the Point, 
JE iſeQiing Lines meet, will be the Center of the Cir- 
cle required. 


PROBLEM XVI 
* To deſcribe a Square about any given Circle. (7. e. 4) 
Draw two Diameters in the given F 
Circle (as DA and EB) 


m the Center C; 41 
ucle”s Radius CA, deſcribe 


PROBLE M XVIIL 
In any given Circle, to , ] ſquare it can contain. 


(6. e. 4.) 
e 
ar ut Right ang in the Center C, (as in the laſt 2 
join the Paints 4, 3, C, and E, with Right 
43, 2D, DE, EA, Jad they will be Bader of the Fre re 
quir 


PR O- 
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PROBLEM XIX. 


r regular Pentagon, 


Make the given Line Radius, and 22222 
222 = — 


PROBLEM XX. 


In any given Circle, to deſcribe @ regular Pentagon. 
(11. e. 4. & 10. e. 3.) 


Or, in general Terms, to deſcribe any regular Polygon in @ Circle. 
Draw the Circle's Diameter DA, 28 into as many 


. n * qa 
toner, and bring his Hand to the right Management of a 
Ruler and Compaſſes, wherein I would adviſe _ Oy 


dy and exact. 

As to the Reaſon och Lines be ee Gretel 
at each Problem, that, I preſume, will ful 00 
from the — and thereſore — 44 12 
Sake) omitted giving any Demonſtration of them in t 
deſiring the Learner to be ſatished with r Ede 
doing them only, until he hath fully confidered the Contents of 
the tant Chopter ; and then i Grabs add tad 9 
plain and eaſy. 


— —— 


CHAP. II. 
uſeful THORENS in plain Gn 


EMONSTRATED. 


4 Colletien of the mf 


Note, i edi > pn Frogs of ee 
it will be neceſſary to premiſe, that 


HE Periphery (or Circumference) of every Circle (obe- 

ther great or ſmall) is ſuppoſed to be divided into 360 
equal parts, called Degrees ; and every one of thoſe Degrees are 
divides into 60 equal Farts, called Minutes, &c. 


2. All Angles are 7g» ny 87) Cas heed 
upon the angular Point (See Defin. g. Page 287.) and are efteem- 
ed greater or leſs, according to the fe Nabe of Degrees con- 


tained in that Arch. 

* a ag: e 
ing a a Keg 7. 

ane ee is 180 grees, being the „ tes Right- 


angles. 


1 Circle, 589999 


To thoſe fv — dad laid down 
tobind I toce finlouſs the Bands he vane wa i Pogo 146 


with} 
it will be convenient to underſtand theſe following, which begin 
their Number where the other ended. ; 


* 1 a _ e 
- _ 
» | 9 
= : = - 
" - mY = 7 4 G 
- * N . 
Jo i : | . * * J01 
= + 
» - ' 


Arlon. 


| | 
whole Thing is GxzaTrx than its Parr. 
That rag Apr ry ry 


than its Part ZN c, &c. ' A — —— . | 
ſame is to be underitood of Superficies s and Selids. 


6. Every whole is EqQu az to all its Paxrs taken together. 
That is, the whole Line 4B is 


. oh 4nf—l—[—n 
' ki es and Solids. 


„ Thoſe abi, being laid one upon another, do agree 
or meet in all their Parts, are equal one to the other. 
But the Converſe of this Axiom, to wit, that equal 
being laid one upon the other will meet, is only true in Lines 
and Angler, but not in Superficiess, unleſs they be alike, viz. of 
the ſame Figure or Form : As for Inſtance, a Circle may be 
equal in Area to a Square ; but if they are laid one uponthe other, 
it is plain they cannot meet in all their Parts, becauſe they are u 
like Figures. Alſo, a Paraliciogram and a Triangle may be gqual 
in their Area's one to another, ard both of them > p36 agus 


to a Square; but if they are laid one pen Bs — „ they will 
not meet in all their Paris, &c. 


Note, Befides the Characters already explained in Part 1, and 
in other Places of this Trad, theje following are added. _. 


Viz. < denotes an Angle in ral, and C < ſignifies An- | 


the Angular Point ; and the other two Letters (as AB and B C) 
Lines — ates 3 


ik 
1110 


Things that have been already delivered: And alſo it will 
be very aduantageous to (fore up ſeveral uſeful Corallaries and Lem- 
ma's, as they become diſcovered Fruths: For it. often 
that a Propoſition cannot be clearly demonſtrated a priori, or of 
uſelf, without a great Deal of Trouble; therefore it will be uſe - 
fl to hone Renrſh to tha Track tht may by eli is the 
-— 


\ THEO. 


- 


THEOREM 1 
If « Right-line fland upon (or meet with) — and 
make with it, will either be two Ri A 
X oo 2x 113. 1.) 2 
DzMONSTRATION. 
the Lines to be AB and DC, meeting in the Punt 
at C: Upon C deſcribe any Circle | 


ight Lines i or ada, 
rn 18. e. 1.) = "ou 


DzMoNSTRATION. 


* 
- 


Sa, Axiom | 
Sud < 8 or. both. Sides of 
the Equation, and it will leave Ce 
=<s. ; : 
Again, C b+ K = 180, as before; and Ce + < E = 
190% conſequently Ce +C=<b + <e. Sura <e, 


Corel. 


- 


f 


FRALE 
4 


; 


F 


z6 


And therefore the Cy <x=<a=<e 
And <m=<na=<b=<c 
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98 © — that if three, four, ome Gay Rags 
glee vill be or croſſed by one Righi-line, all their oppoſite 


THEOREM IV. 


| 
] 
fk 
| 


1 


F 


- 
q 


+l A 
AAN 
AN 
= 
|| 


ot 


b N ' be given, the other 
alſo given, viz. 90% the given < leaves the other C. 
THEOREM v. 
one Side of any plain Triangle be continued or produced beyond, or 
1 the outward Angle will always be equal to 
the two inward oppoſite Angles. (32. e. 1.) 


DzMoNSTRATION. 


Let the Side AB of the A ABC be produced out of the 
ſuppoſe to D, &c. as in the * 


Figure. Then <z = A ; 
+ CC, forthe <B + <z 
==1802 per Theorem 1. and the 2Z 
<B+<A4+<C = 180, D 
a B | 
<5 +<z=<5+<A4+<C, per Axiom Sub- / 
a < B on both Sides the Equation, and it will leave < & = 
<A4+ <C (per Ariem a.) QE. D. | 
Con » the outward (at z) of any plain 


muſt needs be greater than either of the inward 
greater than < A, or < C (16. c. 1.) N 


is 


Chap. 


3. "Of Te. 46; 
THEOREM VL 
Da PII yi? ih tans Ce are oppoſite to) 
» equal Angles are ſubtended by equal Sides (6. e. 1.) 


DzMonsTRATION. 2 


— 
B 4 
Þ per Carol. to Theorem 4. 
Sides of the he, end it wh 
leave < B = < D, per Axiom 2. Q. E. D. 


Corollary. 
From hence it follows, that the three Angles of an Eguilateral 
ne * 
THEOREM VI. 


In 2 Triangle, the longeſt Side ſubtendi the great: . Angle. 
cantly, the # A i Trick 5 
n * of any plain Triangle is ſubtended 
- This Theorem is evident inſpectiom only: For, let of 

the Sides of any Mein Tries 2 65 CB * 2 


be ſuppoſe to E; join D 1 
with a Right-line; thenit i evident, that her 
becauſe CF is now made longer than the 8 1 


D 


| Side BC; therefore the C at D is be- ; > 
ic ger chan it was before by the T ; a 
the longer te 7 
the <at D 4 * 
moe enlarged, Rx | =. 
Rr | | THEO- 


THEOREM w 


"or as 
. 
vin. BC=CD, BA=DA, MCA to both 
equal Ges ure equal, hee wich ene no be es 
Note, The Converſe of this Theorem hald not true ; 


F two Triangles may be equal, en ther poke or ſend 
* 


ing Sides unequal ; as will appear at Theorem 


the Periphery, -when 
This T beorem hath three Varieties or Caſes. 


8 


DEMONSTRATION. 


Err 
1% 


88 
94 
[| 

Th 


F 


* 


0 


Then will <BCA+ <FCcCA=z2 


< 
Ax. 1. But <BC4+<FCcA 


DA+2<FDA=2<BDF. Conſequently <B 
= 2 <BDF. | 


Again, ſuppoſe the < B C F 
Mn. to be out of the <BDF 


the Die. D 


+. 


Equation. from the other, and it will leave < 
 FClh—<BCOCA=2<FDA—2<BDA, per Axiom 2. 
But <FCA — <BCA=<FCB, anda < FD A— 2. 


« a 2<FDB: Conſequently < FCB=2<FDB. 


Corullary. 


Hence ts evident, that all Angles at the Periphery, which 
ſame Segment or Arch of a Circle, or upon equal 
to another. (21. c. 3.) 


HEOREM X. 


Angle in a Semicircle is a Right-angle. (31. e. 3.) That is, 
| Diameter of any Circle be the Side of a Triangle, and the 
to that Side be any where in the Circle: 


DEMONSTRATION. 


the Triangle, the < B=g@%. Draw 


=<D+ <4 Fa<CcBD= 
Theorem 6. "Therefore < DB A= < 
CBD + <CBA, per Len 5. gain 
<DBA+<D+ <4 =,1i85, 


per r Couſequentiy, <D B' 4 90% or a Right- 


Rr a 8 Care!. 


LEMMA 1. . 


A Right-line is ſaid to be multiplied with a Right-line, when 
either a _ or ether Right-ancled — | is made 2 of 
the two Line 
That is, the Area of any Right-angled Parallelogram is _ 
to the Predu:7 of thoſe Numbers which expreſs the Meaſure of i 


— Thus, if AB = == 6 Inches, and ] TTT TA 
2 Then AB X AC=6 3 
= 18 ſquare Inches; which is | 
the dre of te Falle FBC, 


LZuNMA 2. 


„er oy into two Parts, the Square of 
the whole Line will be equal to the es of each Part, and a dou- 
ble Rectengle or Paralleiagram © of both the Fo, (4 < e. 2.) 
that is, if the Line & be cut into the two : 


Fra 


2BC+CC, per Mui- . 
Equation, and there 


+ 


„ A A 


by Numbers, let us 
= $- | 
= 25 
=16 +9 = 25. 


= 4. and 


H 


C = BB 


DExzMONSTRATION. 
3- B 
CD/. BB= 16.and 


= the Parallelogram ; but 
* There fore + BXC 
then will BB f CC=HH 


H=BB4CC. 


To illuſtrate this Theorem b 


— 
N 
* 


Js 
C= 


Subſtra 


will remain H 


82 


bo 


— 


S8 Th 


Conſequently, BB +CC= HH 


Then wil 


. 


CinſeAary. 
. 


Pm this admirable T beorem 
thagoras) is deduced ihe Methed 


Parallelograms, Circles, &s. 


ft invented by Py- 


to be the fir, 


adding 


aid 


THECQ-. 


30 Elements of Geometry. Part III. 
THEOREM n 


—— A the Cotter 


into hee — — which will be both fimilay (or 
ci the ff rink, and to each other. (8. . 6.) 


+ he Se, + ae) _ 
to 
2 7 . 
n 


= 900. 
— and each is alike 
BAC. 


e of the Sides of 
Triangle, (viz. within D, 

cut off a Triangle fimi- 
alike > was whole Trian- 


D © be like the A ADB: For <a= <A4Aand<b=< 8, 
per Theorem 33 and < D is common to both the Triangles; - 
Ergo, &c. 


THEOREM XI. 
If two Triangles are alike, their like Sides will be propertional. 
ngles, as alſo 
Propertional 
+: 4a 


ON- 


A B AC cut through 
L C 


according to this T heo- 
Firſt. 
= 


and there 


Triangles in the Scheme of the laſt Theorem be 


be P: :: 4: C. 


Then it will 


rem. ner 


the Seil 


Let the 


1 


A P, 


AP::4P 


„ there will re- 
A=BPXCP, 


T 


"Jr HEL 
Conſequently B P 


= Which was to be proved. 


2 185 
8 > 
j; 15 
p 32 
IId. 
FORT $30 
3411118 1835 74115 
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And < B is common to both Triangles. Therefore < B D A 
= <B A Z, by Theorem 4, conſequently A B 4 D is like to 


ABZA 
BA=by Then bb+cc=bb, 2 
J Conſequently þ b = bb —<c c, 
CA De which gives the tollowing Analogy, 


Viz. 53:50 +e::b—c:65; that is, B4:BZ::;BD:B A. | 
| | AK. D. 


1. Hence it % audi that, in any ag Tein © 
Perpendicular, being let tall from the Right-angle upon the 

theuuſe, will be a Mean proportional between the Segments of the 
Hypatbenuſe: That is, BP: PA:: PA: PC. | 


2. The Baſe (B 4) is a Mean 

between the Hypethe- + 4 

nuſe (B C) and that Segment of the . 

pothenuſe next to the Baſe, (vi. 

B P) that is, BC: BA :: :B 4: 
B P. 


3. The Cathetus (AC) is a Mean B m_ 
between the Hypothe- 


nuſe (B C) and that Segment of the Hypothenuſe next to the Ca- 
thetus (wie. PC): That is, B C: AC:: 40: PC. 


Scholium. 


I have been more larze upon this moſt excellent Theorem, in 
giving a double Demonſtration of it, becauſe it is ſo univerſally 
uſeful in I of ped 7 es ph For the Buſineſs of * 

onometry ( Plain pherical) wholly depends it; 
— one may truly fay, that A¶fronomy, Dialing * 
Surveying, Optics, &c. depend upon a due Application of it. 

And of its Uſe in Geometry, Des Cartes takes Notice ; 

as you may find in Dr. Fæll's Algebra, Page 65, whoſe Words 


are theſe : 

Des Cartes, in a Letter not yet printed, writes thus: © la 
« ſearching the Solution of Geometrical Beeffions, [ always make 
4 uſe of Lines parallel and as is 
= Ih dons or ey Lis &» wy ant and 1 conſider no 
« other "Theorems but = [ihe Sides of like Trian- 
« gles bade like Proportian]. 3 * 


| Gaps. ns 
-< 27 ' > Po id to ſuppoſe many un- 
£ known Qyantities, that I may reduce the 28 
en Terms, as to depend on no other 

 Twe” 

This I thought convenient to inſert, that the young Learner 
may fee how the great Des Cartes eſteemed theſe two Theorems, 
viz. the laſt, and Theorem 11; for, in Truth, all the precedent 
Theorems are only (as it were) Preparatives to theſe Two. 


This laſt Theorem demonſtrates the of the Method uſed 
in finding out Proportional Lines; as in the three following Pro- 


PROBLEM I. 
— A 


(11.6. 


my 


F 


Set the Tus eee 


any Angle in the Point 4, and 
| produce the Line 4 B to C, 


then will the A 4B D be like the A AC f. Therefore 4 B: | 
BC(=AD):: AD: DF, which is ma ended 


PROBLEM IL 


. Tus Right-lines being given, to find a Mean propartienal Line le- 
tween (bem. (13, e. 6.) 


S 12 7 Ps 


one, viz. EAI 
and "#1 B a9 Diameter, de- 
a Semvcircle; then upon 
the P, where the two Limes 


| e Poker ge ts c a 


4 
+ 


LS. 


' viz. make DB = AB — 4D; 
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P4, and it will be the Afean propertions! requized, viz. 3 P: 
AP::AP: PC. 

<aly 10. conceive how to make a Square 


By this Problem 'tis 
to any given Parallelogram. (14. e. 6.) 
For if B P be the Length, and PC be the Breadth of the given 


— „chen will #B be the Side of the Square, equal in 
Parallelogram. 


PROBLEM IL | 
T bree Right-lines being given, - fen eee Lin 


(12. 6. 6.) 
Line 7 
a ** inc J 
Suppoſe 2 -D 
the longeſt Lire 4 B ſet C 
the next Line 4 D; i 


then upon the Point D ſet the 
other Line D C at an Angle, either 
right or oblique, and draw the Right-line A C it a ſuſſi- 
cient Length; make B F parallel 10 P C, Rd cent 


Proportional required; that s 4D: D C::4AB:BF. 
THEOREM NV. 


I, le of a Triangle be bi i. e. divided into two 
od of {yr deter eres ore 
Angle BE D) it will cut the Side (viz. B D) in 
tion to the other two Sides of the Triangle. (3. e. 6.) i. e. 2 
BC:: 4D: CD. 


DEMONSTRATION. 


per 
4 DC, and FC Z are fimilar by the ſecond Figure to Theorem 


BA(=FC) :BC(=ZC):: 4D; CD. QE.D. 
12. conſequently (= FC) : BC(=£4C) : THE@- 
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"THEOREM XV. 


two Ri drawn) within a Circle do cut each 
7 r the Segments (or Parts) of the one 

Line, will be equal to the _—— FO (or 

Part the other Line. 6 15 

ee Lins (as e D) do cut each other in 
any Point, as at », then will fx XB x = Dx XCx. 


DEMONSTRATION. 


Join the Points AC and B D with 
Right-lines, then will the A C x 4 
be like to AB D: For < B = 
ry to Theorem g, and <AxC=< 
BN D, by Thecrem 2. Therefore it 
will be 4x: D:: Cx: Bx, by 


Theorem 13. Conſequently A x XBx=DxXC-sx. Q. E. D- 


THEORE M XVI. 


If two Rig bi- lines are fo drawn within a Circle, as, being continy- 
ed, they will meet in a Point out of the Circle's Periphery, the 
Reflangle made of the one whole Line, and its Part out of the Cit- 
cle, will be equal to the Rectangle of the ather whole Line, and 
its Part out of the Circle. (36, 37. c. 3.) 
That is, if the Lines 4C and 

D B be continued unto the Point — 

Z; then will AZ X CZ DZ a 

XBZ. i 4 


- 


DEMONSTRATION. - * 9 


_- ol oc NG 
then will A CZ D be like to the D 
ABZ4; fr A= <D, and <Z is 


common to both 
Trigg conſequemly, ABZ DZ, by Theorem 4: 
mere AZ: Z:: DZ:: CZ. Erg, AZXCZ=DZ 


XBZ. 


, THEOREM XVI. 

op Angle of a plain Triangle inſcribed in a Circle there 

1 lt fall 6 . the oppoſite Side, & LI 
PT. £ - 
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A that Perpendicular is in Proportion to one of the Sides including 
eee th ng he Dram 
1 x | 


DEMONSTRATION. 


1; complete the Triangle D C A then 
m A= B, becauſe they both 

ſame Arch D C, and < D 
M 
4- 
C4 sliketothe ADP 
> PD:DB::DC: DA: «DP: DC::D 
F. D. bs 


THEORE M XVIIL : 


if @ Duadrangle (that is, a Trapezium) he inſcribed within a 
Circle, the two oppoſite Angles, taken together, are equal to two 
Right Angles, viz. 190 (22 . 3.) 

That is, in the angle AB CD the < 4 + <C =18909. 

Ard the < B + < D == 1809. 


DEMONSTRATION. 


Draw the #2 Diagonals A C and 
BD; then will the ZDA A 
BCA, and the <B DOC A 
C, by Corollary to Theorem 9. 
<ABC+<<BCA+ <BAC= 
1809. by Theorem 4. and the <BD A 
+<ZS DC=<ADC. Therefcre 

the <HFBC+< AD C=180®, and 
by the ſame Way of arguing it may be proved, that the < B 4 D 
+ <BCD= 180% QED. 


THEOREM XxX. 


If in any Quadrangle inſcribed within a Circle there be drawn 1 
Diagonals, as AC and B D, the Rectangle made of the two Dia- 
gonals will be equal to both the Rectangles made of the oppoſite 
Sides of the Quadrangle. 

That is, SCAXBD=ABXCD+AD NRC. 


ON- 
% 


Again, the A BAf and A LCD are alike: For < MB 
= < ACD, and < f= <CAD, becauſe the < f 
=<BAC, and the < CAf is common to both T riangles, 

= < ADC. Therefore AC:CD 
Theorem 13. Ergo — . B D 
f+Bf=BD.  BCXAD4CDXAIBt 
EEE 


THEOREM XX. 


All Parall-lograms (whether Right or Oblique angled) that land 
upon the ſame Baſe, or uf un equal Baſes, and betwixt the ſame 
Parallels, are equal to ane another. (35 & 36. e. 1.) 

That is, — ABCD=CTIabCcD. 


. 


" DexMoNSTRATION. 


Becaule AB=CD=ab, Suppoſition, therefore 4 2 
21; forB a Fane fs 1 as 3 
And becauſe 4 C B D, and the < 
= <B, therefore the GAC aS 
D6: And if from both Triangles there 
be taken the A B x a common to both, 
there will remain the Trapezium A B x 
CSE D, per Axiom 5. 
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But the Trapeziuin 4Bx C+ A Cx D=BD4BCD, and 


the Trapezium a bx D + A Cx D = B, ccnſequent- 
ly, S4BCD=BDebcD. Q.F.D. 


THEOREM XXL. 


| — bers he Jams Prout ie other 
(2.6 


DEMONSTRATION. 
.. F 


Draw A F to B &, and draw 
AB, CD, FG Perpendiculars to them. 
Then will BD X AB =EDABCD. | Naa 
And becauſe CD= AB, therefore i 
DGXAB=macprFc, but BD maths | 
: DG:: BDXAB: DGX AB. B D G 
And conſequently A ABD:ACDG: : BD: DG, &c. 
QE. D, 


THEOREM XXL 


Like Triangl 0 ate Ratio to that of their homologous 
A ogy 6.) 1 


That is, the Area's of like Triangles are in Proportion one to 
another as are the Squares of their like Sides. 


DeMoNnsSTRATION. 


Suppoſe the A B C D and 
like Sides to be thoſe marked U 
D 4 
Let 


* 


4 
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Let 4 and be Perpen to the two Baſes D and 4 
Tbe 1542 A BC 
I = the Anat a bed 3 7 en Pape 
I 4 
2212 Bbc: 44 &c. By Theorem 13. 
Conſeq. 3 D: 4: : 4:4 
3.1415 8244 
4x 1945 1554.281444 By Axiom 3. 
6 DDD And ſo for other Sides. 


— —— Q ED. 
THEOREM XI. 
In every Triangle (as B C D) the Square 
| e eee; 
1 made out of 4 
one of the Sides (as B) and the that Side pro- 
duced, eee e, kt fell pon 
it. 2. 
Pn BB4CC+2 Be 
DzMoNSTRATION. 
Firſt DD=PP+a+2Ba+BB 
And - CC=PP+ az 
i—2|3}DD—CC=28a+BB 
— ew Ina IE 2 


QE. D. 
 Grrollary. 


Hence it is evident, that, if the Sides of any Obtuſe-angled Tri- 


angle the Segment of the Side produce the Per- 
— L 2 


THEO REM XXIV. 


4 Perpendicular (as P) be let fall into any Acute-angled Triangle 
of + BCD), wr] ant SC rh two Sides (as D) is leſs than 
the Squares of the other Side, and that Side upon which the 
dicular falls (viz. C and B) by a double Rectangle made of the Side 
B, and that Segment or Part of it (viz. a ch lies next to the 
— That is, DD +2 «s=BB+CC. | 


Dzuox- q 
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DzMoneTR&ATiON. 
DDS =P Theo 
+ gl By * 
B— a =e, by Figure, 
BB — 2Ba + aa = ee. 
BB 2 Ba = ee — as. 


DD—CC=B8B- 232. 


x. A 


cow mea wHy 


The SOLUTION of ſeveral Eaſy PROBLEMS in plain a 
the Le in H ve the cati 
SALTS I. 


44 OTE, when a Line, or the Side of any plain Triangle, is 
40 any Way cut into two or more Parts, either by a a Per- 
4e i Line let fall upon it, or otherwiſe, thoſe Parts are 
« uſually called Segments; and ſo much as one of thoſe Parts is 
& longer than the other, is called the Difference of the . 
4 And when any Side of a Triangle, or any Segment of its Side 
„ is given, it is uſually marked with a ſmall Line croſs it, thus: 
* and thoſe Sides or Parts of Sides, that are fought, 
„% are marked with four Points, thus — : : — - | 


PROBLEM L 
To cut or divide a given Right-line (as $) into Extreme and Mean 
| (11. 4 2.) 


. That is, to divide e Liss fo,that the Square of the greater >. 
ment (or Part) a, may — yards, eos eur A | 
whole Line &, and the lefler Segment -. 


Viz. | 1 Se= as, | the Problem. th 
And | 2 S —a=e, for Sate. —— FP 


Ch. 4 Of Rea Problems "2ar 


3 |? 


and 3 

X85 

+ 8 5 | as + $a=8S 

ſolved | 7 22 +$88:— . See Pager 1 195, 196. 

Note, The N Numbers | 
AG P 5 


1. Take a Square, N 
one of its Sides in the Middle, as 


PROBLEM I 
The Baſe Right-angled Triangle, and the Difference be- 
fan the ee an Cathetus being given, # find the 
Cathetus, &c. 


* 4 

FD :d +20:: :d:6. By 

L 12 2 As before at the 51h Step. 

2 9 Here 
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Here ſee that either Way raiſes the 

the s ther 2 Ln 
— , » but every one makes Uſe of ſuch 

1 — happen to come firſt into their Mind, the 

being every Way the fame. 


PROBLEM m. 


T be Difference er 2 2 Right- 


7 le, and the 
eue be to find the Triangle. 


Way 


hat ae equal in rok be — the Re- 


IO ww* = / 2dx==40 


11 +4a=72=y The Baſe. 
2 7 5 Se The Cathetus. 
+ z+4a=97 T be Hypothenuſe. 


1+2+11114 


PROBLEM W. 


T be Hypothenulſe, and the Sum of the other two Sides, 
angled Triangle, — bon — E 
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2+7 | 8| 20=5+/M8=TI=144 7 
947 4.352 — 


2—9 | 10 e = 


PROBLEM V. 


The and the Di the other two Sides of « 
err 


Let} 15 97 As before. 
2| a—e=d=7 Quare 4 
| 4 
By Fig. 3 | aa+ee=bb ; 
2 ®&* | 4 | aa—2ae-bee=dd 
3—4| 5 | 24c=bb—dd wa: ow 
3+5|] 6| aa+2a6-bee=2bt dd 1 
6 w* | 7 | abe=v/ 
*+I2 0  20=d +\/ 2bb—dd=144 
8 —2 9 | a=72 
7 —2 | 10 2e=2bb—dA7: —d=130 
i-—2 | 11 | e=b65 
PROBLEM VL. > 
In any Right-angled Triangle, either the Baſe, or Cathetus, and 


the alternate Segment of the Hypothenuſe made by a Per pendicu- 
lar let fall from 1 being given, 22 


1 
2 
3 
4 
1 
6 
7 
8 42 ＋ FAU L236 
8 * 9 a+3b=\/c +236 
92 10 VN:) And ſoon for e, & c. 


Tt 2 I fhall 


* annexed Figure. 


Conflyuftion 
uations promiſed in 
» Viz. aa + ba = cc. Caſe 1. 
. 
is here) c, into a Ae Pa- 
railelgram. And upon the middle — 
Pont of the Side = b deſc: 


| Then will Sr Pam of the 

Diameter, on each End, be equal to a; the other Part will be 
a + b, and the Side c will be a wean Proportional between them: 
That is, «+b:c::c:a. By Theorem 13, conſequently as + ba 
= cc. Which was to be done; 


PROBLEM VI. 


or "+ rome Ge te hb and Cadares of op eng 
pen te typ and the Perpendicular let fall from the Right-angle 
n the H 


—_— being given; thence to find the Hypo- 
c. 


d=15 The Difference of the Sides 


4 


I 


l 2 Ge. for e per Step 5, 


The Geometrical Conftruftion of this 22 VIZ. aa ah 
may be performed in ĩhe v 
ſame Manner as the /aft Ca 
was; that is, by 
Right angled er of 
the Co-efficient 2p and the 
d, vn. d, &c. As in the 


2 
3 
4 
5 
6 
7 
8 
0 
© | 
L 


- 
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hen will the greater Part of the Diameter to one End of the 
Parallelogram be — a, and the lefſer Part will be a—2p; For 
a:d4::d: a— 2þ by Theorem 13. Conſequently, a&—2pu = dd. 


Which was to be done. | 
PROBLEM vm . 
The Hypothenuſe Right-angled Triangle, and the Perpen- 
dicular let fall 1 Right-angle upon the Hy pothenuſe, be- 
ing given, to find th- greater Segment of the Hypothenuſe, Oc. 
Let| x! . 
And | 2 N 
in 
per Fig. | 4 — — 
24 


900 | = =110, 25 
10 * | a—$b=\/ 7 — 10, 5 
114+3b | 12 | a= 64 + A. Or, a=27. T 
The Geomctrieal Conſtruction of viz. ha—aa—pp, 
may be thus performed: Draw a dag P 
line (of any convenient Length at Plea- 
ſure) and near ad, + word Per- 
cular =, viz. of the fame Length 
* Root of the Reſolvend. From 


ad | gt dn, c — 
pendicular, ſet half the Length of the Co- efficient, viz. 


the ſame Diſtance) deſcribe a Semicircle; then will its Diameter 


h be cut by the Perpendicular p into two Segments, which are the 


two Values of the Root a, viz. the greater and lefſer Roots, both 
taken together, being always equal to the Co-efficient: (vide 
Page 201.) For b—e: þ: : p: @ by Theerem 13. Ergo, ba—aa 


PRO- 


"i 
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E "PROBLEM IX #4 


The Perimeter, j. «. the Sum of all the three Sidee « Right- 
225.8 DN 


2a=137 +] = 144 
4s = 72 The Baſe. 
5. 137—72=65 The Cathers. 


PROBLEM X. 


In any Right-angled Triangle” a Perpendicular being let fall from 
2 7227. Seg- 
ment, when added to its adjacent or next Side, be gien, thence 


124 


2 42 —1˙ 114 


— 
a+ 2 = 2 25+ XX=11025 


- C— 
$5o+x=the Bake 


PROBLE M 1 


a 7 of oy Diigo gh plots Toingh. 


beter the greater Side) he Bae being given, to 


2 gee: 


and Baſe 


enen e fide = 405 
26 = the Difference of the Segments 
3x=165 the Difference of —— 


PRO. 
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een = 
the Segments 5 ne a Tok 
EEE eee rnd 


| 2x * 
I oo GET 


„2 —— : 


20 X 2450 
2 +aþ 2 + 2= 945 the Baſe _ 


PROBLEM IM | 
The Sum of the two Sides 7 the Di 
the Seqnt of the Baſes and the Perpendicular is fol rem , 


— 
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Vertical Angle upon the Baſe, being given, thence to find the Baſe 
and the Sides. 


Wo 4 1 x | += 1155 the Sum of the Sider. 

12 2 | d= 495 1 

9 3 

P 

Then | 6 4+ 24=the Boſe 

9 48 the Difference — 
$8] d+2a:s::5—2e:d 

Per Fig. | 9| aa +pp =ee ” 


9 ww 10 | /aa+pp=ee 
$8 © | 11 | dd+2adamr—2r 
in + ze -d — 24a 


20 — 2x 21 0 TH, &c. as before. 
21, hence 22 42225 
22X 2 232422450 
2 +323 | 24 | 4 + 24 = 945 the Boſe. 
10, Num. | 25 | e = 375 the leſſer Side. 
'I—25 | 26 |  —e= 780the greater Side. 


PROBLEM XIV. 


The Area of 2 2 angled plain Triangle, the Difference of 
the Sides, — the Difference 5 the Segments of the ** being 
given, thence to find the Baſe, & c. 


A=141750= the re. 
15 


4 == 405 
b = 495 


5s Pat 


. det? 
— + 


— + $44=245 


PR O- 
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PROBLEM XV. 


There is an plain , indereie + Pargends- 
cular is let ff bl Vertical Ang upon the Baſe; the leaſt 
Side and the Baſe are given; and the RefHangle of the Difference 


heb bg don he 25 to the Square of the Dif- 


the Segments of the Baſe: *'Tis re fo the 


＋ 62722 288512 


n 
4 amples Page 2 e &c. as in thoſe Ex- 
2 find a= 37, 55 50a, &c. 
PROBLEM XVI. 


T he three Chords or Subten of three Arches completing ng 9 Semi 


Tr 
ere 
te Diameter or fourth Side. 


Uu2 on 


Then 
And | 
5 &* 
6 XK 7 


8,=9 
10 = 4 


11 — cc 


12, Numb. Ir 
This Equa 


> 
—3 


w the two Diagonal. 
e and y 


Sc + bd = ey. By T heorem 19. 
062 y Theorem 10 and 11. 
d ccaa ＋ 2bdca + bbdd =eeyy 

— bbaa— ddaa + bbdd = eeyy 
1 — bbaa — ddaa = ceran + 2bdca 


11,aaa — bba — dda cr + 2bde 
— bba — dda — cca = 2bdc 
— 50 = 120 


tion being ſolved as in Example 2, Page 240, you 


will find a = OS &c. 


In any Right-angled Triangle, the Area and the Sum of the 


PROBLEM XVE. 


thenuſe when added to either Side, being given, thence to find the 
Sides, &c. 


2 —= A= 1350 the Area. 


7 + e=5==120 the Sum, &c. 


Quere 4, y 


© aA mw + UVwy «= 
* 
[| 


7 
——— ets ooo 
8 
N 
+» 
8 


6, 9, 11 


r in this ere dike 


Exaniple, Page 241; that is, by making r +e = @, &c. it will 
be found that a= 60. 


— — 


PROBLEM xy m. 


There i 2 in Triangle, wherein a Perpendicular 

Ts. {phage pr the Sum of each 
rr and 
— 8 are given, to find the | 


I. = oof h b,c,amd 
214 = the Area = 141750 

js = the Perpendicular ſought. 
eK A 


wo+ as = bb 
lee + a4 = u 
=2z—y 


m—_—_— — e 


17 * 1 — * 


243000000 
Here @ = 300 found as in the laſt Problem. 
PROBLEM M. 


is @ T, wherein OY AR 
e. 32 


ment of the Cathetus, and the alternate 
Segment of the "thence to find the Baſe, oe 
i 15 2 20 c= . andb= 15 
25 T= Quære 4 


i 10 :: c per Figure. 
4 + ee = bb per Figure. 


— *—ol Moo + aliiie- tied th Mitho—io0 
—+ 2 -+ccan + bbag — bhaa — 2bbba = bbbb 
That is,'1 12 + 404 + 75144 — 9000 90000. 
For a Solution of this Equation, let it be made 
- baaa + cas — da G b=40 . e=751 
. e Fis. - =» G= 90000 
r4 + 3rrre = 421 
brrr +- = baga 
— [nn —— 


— dy — de =— da | 
Let =10 


Ch. 4-  OfRefolving Problems. 9295 
| 42000-þ 190000 + 12008 
40000 a 
_ 1 8 — 
That is, 35100 + 22020e + 2551ce= g0000 - 
Hence it will be 22020e + 255 1er = 54900 
Conſequently, ws at 


Aud T 


53. 


Operation, 8,36) 21, 52 


+e=2,1 20 


1. Droiſor =10 1,52 Fiſtr=10 
2. Diviſor = 10,7 _ rg +e=21 


45 &e.7+6= 121 r fora — 


— 1 2 involved, and — into the 
+ 21435.8881 + 8 878,46ee 
+ 70862,4400 =j-- 


theſe Numbers 
+ 17569,20e + 1452,00e8 
+ 1999539100 + 19174,207 + 751,008 


1. 93352-2351 ＋ 33529,040 ＋ 3 = 90000 
becauſe 93352,2381 > 90000 12,1> 4, and 
therefore it muſt be made r — e = «, which will produce the ſame 


Numbers, only all the ſecond Signs muſt be changed. | 
Thus, 1 32a = 5001 gf == goers from 
— 33529,64e— 305 1, 46 = 77223857 


— 1, 08787332 =D 


Conſequently, 
Operation 10,9784) 1,08387332 (0,0999=e 
—e= 0999 9792 


L. Diviſer 10,88 1 108673 Laſt r = 12,1 

2. Divifor 10,879 9791 — = 0,0999 

3. Diviſer 10,8785 1076232 
979065 


&c. 


PROBLEM X. 
In the Tri CAD, there is given the Side AD, 
and the Som the Sides cb, alſo within the Triangle 


AB perpendicular to the Side CA; thence to 
Ae Ca be 


1 — =12,0001 = 6 


L 


to F 
CAB, and A C FD will be alike. 

AB C:CA:DC:CF 

E bas. Let AF=e, and F D=y 

bb+aa: a: : 5—a: ae 

$a—ada 


K 


This Equation being brought out of the Fractions, and into 
Numbers, will become — 201844 + 1254092 — 2464230, 254 
+ 35468304 274183922, 23; which being divided ided by 2018, 
the ient of the higheſt Power of a, will be — 44-62, 145 
643 — 1221,1254* ＋ 175739697 = 135869, 138875, &c. 


And 


14 "X? 1 , a 11 U : 
Eh! 4. Of Reſolving Problem. 33 
And from hence the Yalue of à may be found, as in the ff 
Problem, doe Regard being had to the Sens of every Term. 


This Work of or preparing for a Solution 
32 r 
riters of Algebra, as a Work fo neceſſary to be done, that the 
do not fo much as give # Fiat at the Etution of any adfected 


quation without it. 
Now it very often happens, that, in dividin all the Terms 
an ion, ſome of their Quotient will not only run into a long 
Frattions (as in the ___ above) 


Series, but alſo into imperſe 
which renders the Solution both tedious and i 
To remedy that / ion, I ſhall "why, =; RE 
—2 conſequently any other} may be reſolved without fuch 
don as Me a. 


Let b = _Y 221 hon d 22464230, 25 
Tze. And G=274183922,25 - 
Then the precedent Equation will __ thus: 

3 aaa + caaa - daa + fo = 

| Put r + e = as before. 
—bri—gbrrre—G6brree=—ba4 
+er3 + 3err# + Zeri = + ca3 

1 3 =o 

TT,. = + fa 


This is plain and eafily conceived. The next Thing will be, 
how to eſtimate the firſt Value of r ; and, to perform that, let G 
be divided by 6, only ſo far as to determine how many Places of 
whole Numbers there will be in the Qualient; conſequently, how 
— dad roo 6 Height of the E. 


quation.) | 


Thus b= 2018( G = = 274185922,25 (130000 
201 | 


| 7238, &c. 


Nou from hence one may as eaſily gueſs at the Value of r, as 
if all the Terms had been divided. That is, I ſuppoſe r = 10, 
which being involved, & C. as the Letters above dire, will be 


Xx —20180c0g 
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— 20180000 — 8002001210800 
+ 125409000 + 376227006--3762270er ä 
| — 240423025 — 30, 25% 


492846056—24642 gy 
; * Ezra 41039 Tc. 
| 12.21 57157 7239, 2741839 
Ser 606948 


Hence 15734402e + 8723997 775 
Cenſegquentiy, 9 — 


— 


3 
(397 =e 


- 
— — 


Firſt r= 10 
222 


r+e=1 2+ == r for a ſecond 
— n the l Pre- 


CHAP. V. 


| a and RuLEs for the SUPERFICIAL 
| ConTENTs, or Arzas of Right-lin'd Figures. 


Practical Rules about Areas, &c. 3339 


a ot Ke 
— 3 IL conſidered, will help 


PROBLEM I. 
To find md Content, or Area of a SQUARE; or of any 


PARALLELOGRAM. 


- \ Multiply the Length into its Breadth, and the Produ#t 
von L the Ares require. (See Lemma 1, Page 302.) 
Suppoſe the Line AB=6 4 6 B 
Yards, and the Breadth AC or B D TTY. 
= 3 Yards, then FBXAC=6X3 3 
= 18 will be the Number of 
Yards contained in the Ares of — | 


PROBLEM u. 
mne Parallelogram, viz. either 


of a RHOMBUS of RHOMBOIDES. J 
ply the into its ight (or 
e 
That is, the Side ABX BP = the es of the 
ABCD. Fer if BP be drawn per- BR. 
pendicular to CD, and 4 be made 
r 7 
and CG P= CD. 2 ; 
GC=ABPD, ad 43627 
= Rhombus ABCD. But AB X BP 


— CABG P. Therefore ABXBP, . 
or CDX BP = the Area of the Rhombus CD. 


Elements of Geometry. Pact III. 
PROBLEM III. 


To find the Superficial Content, or Area Sans thts TRIANGLE. 
to half its 2 Parallels- 


349 


Every plain Triangle is 
" gram, (41. e. 1.) which 


pendicular Height, or balf the Baſe into the whole Per- 
pendicular, and the Produft will be the Area. © 


That is, BDXS3$CP, or+BDXCP= fradf A BCD. 
For AC BP, AB= CP, and BC A C F 


is common to both A A; therefore A — 
ABC=ABCP, and for the like 
Reaſfors, A CFD = CP D. There | 


tore A BCP+ ACPD=3i4Dg AB © 
FD. Conſequently 4+ BD X CP, or BDX&C?P will be the 
Area #5 1 4 

Example, Suppoſe the Baſe = 42 and the perpen- 
dicular 2 2 P =14 Inches. a 

Then + BDXCP= 16 X 14 = 224. Or BD X4CP 
= 32 X7=224. Or thus, 32X14= 44% Then 2) 448 
(224 = the Area of the Triangle B CD 278 


Multiply the Baſe of the given Triangle into half its per- 
RuLe ö 


PROBLEM IV. 


To find the Suerficier, or Area of any Tu ATZ TUR. 


Firſt, divide the giver. 7 rapezium into two Triangle, by draw- 

ing a Diagonal from one of its acute Angles to the oppoſite Angle ; 

and let. fall two Perpendiculars (from be other two Zingles) upon 
the Diagonal, as in the following Figure. 


0 half the Diagonal into the Sum of the twa Per- 
RoLF 


 pendiculars, or half the Sum of the Perpendiculars into 
the Diagonal, and the Product will be the Area. 


That is, + ATXBP+ED. Or ACX34BP++E D= 
Area df the Trifezium AB CD. 

For the A ABC is half its circumſcribing Parallelogram ; and 
the G AC Ds alſo half of its circumſcribing Parallelogram, as 
hath been proved at the laſt Problem, 


Conſequently, 


, BF+EDxX44G, or 4B P+SSEDX AC 
Area of the Trapezium, B - | 


will be 
as above. 


. Example. Suppoſe the Diagonal 4 
AC = 33 Feet, and the Perpendi- 
cular B P = 15 Feet, and the Per- Ze 


fendicular ED = 14 Feet. Then 
BP+ED= 29 Feet, and B F + XJ AC=29X 16,5 


=478,5. Or ACX 4 BP +$ED= 33 X*9 = 478,5. Or 
thus, 29 RIES 957. Then 2) 957 (478,5 any of theſe Pro- 
duds are the of the Trapezium ABC D. £ 


PROBLEM V. 

To find the Superficial Content or Area of any irregular Polygon 
— f | 
Authors * 
cauſe (as 1 ſuppoſe) it muſt be divid- OT 
ed into Triangles, as in the an | 
Figure ABCDFG; by which it is \ 
evident, that the Sum of the Areas " 
of all thoſe Triangles, found as in G 
the laſt Problem, &c.will be the Arca 
of their circumſcnbing Polygon. 

PROBLEM VI. 


To find the Siperficies, or Area of any regular Polygen, viz. of 
any regular PENTAGON, HExacon, HeyTacox, Oct a- 
GON, &c. | a . 

ae balf 32 of its Sides into the Radius 
| be inſcribeud Circle, or balf the ſaid Radius 

General Rox. 12 the Sum of the Sides, = fox fn will 

be the Area required. 


That is . BP + DE+EF-+F& + GH+ BK+K4_, .., 


2 
= the Area of the annexed Octagon; wherein it is evident, that 
its Area is compoſed of fo, many equal Iſeſcelen Triangles as there 
are Numbers of Sides in the Polygon, v. of eight I/ofceles- Tri. 
angles, whoſe Baſes are the Sides of the Ofagon, viz. AB = B D 
DE, &c. And the Sides of thoſe Triangles, C A, CE, C D, 
& c. are the Radius's of the circumſcribing Circle ; and their per- 
pendicular Heights, viz. CP, is the Radius of the inſcribed 


8 


But 


:, 


3 12— Part III. 


But the Ares of any one of thoſe Triangles is 4 AB XC P 
2 the 4. 


ill help to delineate or project 10-42 Gf Occaſion 
require it) and the other will help to find its e. 


And Firſt, Of an EQUILATERAL Trrawers. 


— — 


75 CD:: 1: 0,6773507 


4B: CG: : 1: 0,8867513 
AB: AG:: 1: 0,86602540 


DEMONSTRATION. 


Let FB = BDS, 22223. 
= GC D= 0,5; but O 4 B — 18 
—= 46 by Theorem 11. That is, 

— 0,25 = 0,75= AG, conſequently, 
21 = 086602549 = 

A::B: AH, fs, III 1: 
— ö 4, &c. 24 then + AH = 0,57735027 = C4 

AG: DG::DG: CG, that is, o, 866025 f: 0,5 :: o, 5: 
0,8967513 2 C6. QE. D. 

Now, by the Help of the Firſt of theſe Proportions, it will be 
ery RENT GE ELLE Fenn. 


D 


& 


PR O- 


% 


| PROBLEM VI. | 
The Side of any Equilateral plain Triangle being given to fond its 


r i IgaGs Triangle ABC to 
be 25 Inches, M. AB = BC = CA= 25 | B 

Firſt x :0,8660254 : : B==25 : 21650635 
= B Pby Theorem 13. Then #P(=+3 C 
A) X B P= the Area of A 4B Cby Rule 
to Problem 3, that is, 12,5 1 


270, 639 the Area in 

may be otherwiſe reſalbꝰ d, A P C 
thus: Let 6b Arg Then a2 43. But U 4B 
— OA4P= OB P.By 11. That is, 44b—bb=3bb= U 


BP. Conſequently, BF. Thend6 = PX 
AC. viz. ad Trienche,” ** : 


Secondly, For a PENTAGON. 


: : 0,688 
AB: AH:: . : — 2 


DzMONSTRATION. 


quently, 4 DF = DG:-—4Þ 

AB =O AD:— SPX GF =1 (becauſe AB = , 

and 4 D=AF=DG) hence it will be 4D= 1,61803398, 

then 7 4 D— O DH=(7 4 H by Theorem 11. But DH = 
WAD —;3N 4B =4LH = 1,53884176. 

D::4D:4X4=2AC For A 4HD and 


Ergo - 


264 = Elements ef Gebeiktty- '» Phrt III. 


| Ego =24C= Ir. — 
But 4 H—4C = CH= 0,688: E D. 
From hence it will be eafy to reſolve "towing Prom. 


PROBLEM VIL 


The Side of any regular Pentagon being given, to find its rc 
Soppoſe the given Side to be 15 /nches long, then it 
will/be, as 1: 1,53884176:: 15 : 22,0826264 the perpendicular 
Height; and by the general Rule 22,0826264X-= 165,619698 
Pe | 
Thirdly, For je" BE PAY 


The Side » of any regular Ofagon is in Proportion to the Radins of 
its 1 . Circle, As 1: to 1,30656296 &c. 
bed Cirele As1: to 1,20710678 —_ 


E CA:: 1: 1,30656296 
Viz. 1 -- CP:: 1: 1,20710678 


| DEMONSTRATION. 


Draw the, Right-line D B, ad * 
from the Point B let fall the Per- 


Then will A DB 4and A DaB 
ber alke, by Theorem 10 and 12. 
d=BA=1. a=C & 
Let th = B D, and y=Bx 
Then T1 1 EL rg vie. DA:BA::DB: Bx 


1 ** bi '2 = 


1 


20 | 3 [EZ =oe=0 DB 


4 But 4 2 
Thatis | 5 | 99 2 2028014 By Theorem 11. 
45866 2 
6 = yy or Cx =B :r 
Again | 188. 8 
3 


— 


| Pale keen fan ex 


—b=4/ 4 
wx" db, b4 
| : 4 64=1,30656296, &c. = C4 
NICE CP, w. (CH — CHP—DOCP 
13 15 2a—Þb = 1, 20710678 &c. = CP. 


From hence it will be eaſy to find the Area of any Odlagon. 


PROBLEM IX. 
The Side of any regular Octagon being given, to find its Area. 
„ Suppoſe the Side given to be 12 Inches long; Fir, 
: 1,20710678 :: 12:14, 48528136 = the Radius of its in- 
ſcribed Circle; then 12 X 4 = 48 is half the Sum of its Sides, 
and 48 X 1448528136 = 695,2935 the Area required. 
Fourthly, For a Dzcacon. 
T be Side of any regular Decagon (viz. a Polygon of ten equal Sides) 
is in Proportion t2 the Radius of 


I Circumſeribing Circle, as 1: to 1,61803398 &c. 
ts \ oak — 28 1: 6 \ 


= :: 1 :1,61803398 
8 127 CP::1: 1,3884176 
DgMONSTRATION. 


4—2b =CCP. 
vie |] CF—OPF=cCP. By Theorem 11. 


That is, 5. v/ 2,015803398—0,25=1,53884176=L P. 


Y y | 'PRO- 
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PROBLEM X. 


The Side of any regular Decagon being given, to find its Area. 


. Let the given Side be 14 Inches long; then, as 

I : 19538841 76:: ds 4 21,543784 = the Radius of the inſcribed 
Circle; and 4. * 5 = 70 ws half the Sum of its Sides. Laſtly, 
21543784 X 70=1508,06488 the Area required. 


Fifthly, For a Dovecacox. 


The Side of any regular Z. twelve 
. 


„ f Circumſcribing Circle, as x : to 193186165, &c. 
= Lene Circle, ' as 1: to 1,8663201 2, &c. 
-- (BA:CA::1:1,03i85165 
Fiz. 2 CP I : 1,>86632012 


— 
DEMONSTRATION. Pd 7 == 


Let B A==r . a=C A as before £ 
Ande=x A; then a—e=cCcCx 01 


— — D ON 
, i (bb — rere 
FU , By Figure. \\ 
But} 2 Bx—=hC 42424 \ 
2 ©-* 3] Bx=+;aa . 
I, 4bb — 4 g ce = 


Again 644 — jag 4 — 2e + er 
Viz. CB—[]Bx=DOcsx 
5 X 7,24 bb — 7 aa = 200 


13, C e 
26b = 3 = 1,7320508075 
14 + 285 [x 1 — 26h + // 3 = 37320508075 

= / 3,7 320508075 = 1,93185165 = C4 
Agai 4 — +66 = C. via. OCF-UPF=aQCCP 
7, Hence'r CP=/ aa— — —— Q. E. D. 


* 


| 


Con- 


Joung Geometer to raiſe the like Proportions for 
is Curioſity requires them : And not only fo, but they 

to form a true Idea of a Circles Feripbery and Area, 
according to the Method which I ſhall lay down in the next 


* 


The Work of the foregoing 


_— 


CHAP. VL 


A new and eaſy Method of finding the CixcLe'sPerIPHERY 
and Ara n . 
* 


Sings and T ANGENTS. 


TFT ET us ſuppoſe (what is very eaſy ts conceive) the Circle's Area 
to be compoſed or made up of a vaſt Number of plain 
celes Triangles, having their acuteſt Angles all meeting in the Cir- 
cle's Center. And let us imagine the Baſes of thoſe Triangles ſo ve- 

ſmall, that their Sides and their Perpendicular Hei vez. the 
Radiuss of their circumſcribe.] and inſcribed Circles (vide Pro- 
blem 6.) may become fo very near in Lengib to each other, as that 
they may be taken one for another without any ſenſible Error: 
Then will the Peripheries of their circumſcribing and inſcribed 
Circles become (altho? not co-incident, yet) ſo very near to each 
other, as that either of them may be indifferently taken for one 
and the fame Circle. | 
But how to find out the Sides of a Polygon (viz. the Baſes of 
thoſe Iſoſceles Triangles) to fuch a convenient as may 
be neceſſary to determine and ſettle the Proportion betwixt a Cur- 
 cle's Diameter and its Peripbery (to any aſſigned Exactneſe) hath 
| hitherto been a Work which required great Care and much Lime 
in its Performance; as may be eaſily conceived from the Nature 
of the Method uſed by all thoſe who have made any conſiderable 
Progreſs in it, viz. — > — 3 — 
Culen, &c. Theſe ith the biteQung of an Arch, 
furs th Value fit Chr 9 + comrriens Number of Figure 
y 2 at 


— — — 


— e 
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— — ley f= ,,, , 
— — — — — — —— ——— 


— 


- 
my 
— > —— — * * 


infinitely :: ſo is the Square of the Diameter 


at every ſingle Biſection, repeating their Operations until they 
had approached to the Chord deſigned. 

And this Method is made Choice of by the learned Dr. Wallis 
in his Treatiſe of Algebra; wherein, after he hath given us a 
large Account of the different Enquiries made by ſeveral (very 
en.inent in Mathematical Sciences) in order to find out ſome eaſier 
and more expeditious Way of oaching to the Circle's Peri- 


** Geometrically, but not to triſect, &c. and the one may 
% done (Algebraically) by refolving a Quadratic 
* not thoſe other, without Equations of a higher 
I therefore make Choice of a continual Bilection, c.“ 
And then he lays down theſe following Canons. 


de 


72 
VNV: 2e. 
y :2+4/: 2+v// :2+{/ 
ff : 2—v/ : 2+ : 2+ 22+4/3} 
f :2—f :2+v/ :2+v/: 8 2 ꝗ 7 
3 


of :2=—4/ : 2+ :2+y/ :2+v ANNA 
Nenn 
C. 


How tedious and troubleſome the Work of theſe c 
22 L leave to II 3 
either have had Experience therein, or out of Curioſity 
give themſclves the trouble of making Tri 


But this convergeth ſo very ſlowly, that it is not worth the Time 
Wr 
ſhall here propoſe a new Method of my own, whereby the 


Circle's Periphery, and conſequently its Ares, may be obtained 
infinitely near the Truth, with much greater Fale and Expod- 
- tion 


. 


IR: 2 R — 6c — 24 


AA zZ, and AB Ae, are alike 
And AB—=Ae=D x, &c. 


2 14 


ü 


Re —2 R422 R 2 — . 
R 


Here a= the Chord of , Part 


R*g—aca=RRc. That is, 3 


FB:BZ::Fe:ex=AD—32a 


the Circle. 


—— — 


Next, To triſeft the Arch 4B. 
Let | i | 33—93 the laſt Chord. | 
163 | 2] 273—27955 +997 —y9 =a3 
1X 31 3 n - 
3—2| 4| y—393 +2755 —9j7 +39 =3a—6*=r 
I Herez=the C of J. Part of the Cb. 
Again, To triſeft the Arch whereof y is the Chord. 


Let | z | 3a—43 =p 
1 @3 | 2 | 2743—2745 +ga) —49=y3 
I @3 3 


24345 —40587 +27049—goe' ' +150" 3—a' 5=y5 
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| { 2187 a?—510349+ 51034" ' — 28384134 

9454'S =y7 

4 1968329 — 39049 *+ 787320! 3— 

61236a's =y9 
27 a— 9a = 9 

I043— 81045 + 27047— 30a9=30y3 
n 72902 — 44 30 ' + 

405 a = 27y5 
; — regen. '— 
© 255152 3+85058"5=6 57 
6— 7 : SS 145—3o888a7 + 
I 


7293049— 107506 + 
1046524'3 — 69768415 
Here a= the Chord of 14, Part of the Circle. 


6 


of every new Chord a 


Fes eke 
into one, as in the two laſt Triſections, — 1 
obtain the Chord of any aſſigned Arch, how ſmall ſoever it be. 

Now, nn theſe Equations 
to any conſiderable Height, tu ll be convenient to add a few uſeful 
Obſervations concerning their Nature, and of ſuch Contractions 
as may be ſafely made in them; which, being well underſtood, 
will render the Work very eaſy. 


4 1. I have obſerved, that every Triſeion will gain or advance 
one Figure in the Circle's Periphery, but no more. Therefore fo 
many Places of Figures as are at firſt to be perfe& in the 
„ fo many Triſections muſt be repeated to raiſe an E- 
quation that will produce a Chord anſwerable to that Deſign. 


« 2. I have alſo found, that all the ſuperior Powers (of a) 
whoſe Indices are greater than the Number of Triſections, (viz. 
| whoſe Indic: s are greater than the Number of deſigned Figures) 


may be wholly rejected as infignificant. 


When once the Number of Triſections and thence the 
Ae (of a) is determined, the third Preceſs (viz. the 
third Triſection) may de made a fixed or confiant Canon; for by 
it, and — only, all the fucceeding Triſections (how 
many ſoever they are) may be compleated without repeating the 
ſeveral Iuvolutions. 


on in this Method of 


* « 4. In 
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« 4. In raifing and collecting the Co-efficients of the ſeveral 
Powers (of a) it will be ſufficient to retain ſo many ſignificant 
— why Agr ay at ls — Figures in the 


P — — 
— 


eripbery (or at moſt but two more) and every 
— . ——— — 


— —Kͤ„ he 

Figures that are omitted, with Ci 

conveniently Figures placed within a Parentbeſis, thus 

576 (8) a3; ay g 6000000004 3, 2 in the falloving F- 
quations. The may be done with Decimal Parts, thus : 
(,7)6583 may ſignify ,ooooooo0658 &c. which will be found very 
uſeful in the Solution of theſe and the like Equations.” 


Cyphers — I pong 


— may be ſafely made, becauſe both 
the ſuperior Powers of a, which are rejected; as alſo thoſe Num- 
bers that are omitted in the Co-efficients (and ſupplied with Cy- 
phers) would produce Figures ſo very remote from Unity, as that 


tion that will prod 
Number of Sides ſhall be rally numerous, conſequently 
infinitely ſmall : But, I preſume, tu ill be ſufficient for an Ex- 
to find the Side of a Poiy gon conſiſting of 258280326 equal 


Sides; that is, if I find the Chord of >5:%-— Part of the Circle's 


Periphery, and that requires but fixteen Triſectiont, which 
ordered, as before directed, * _ 


| 430467214—3323601 7948696861 2(4) a3 | 
1 


776983765 31997 14020045 —8491 218532841 (3520 
+54633331143(50)a9—230083348(66)a' 
-+6830988(79)4' 3—1507 09404 8 


Weener that 


is, the Sides of the inſcrjbed and circumſcribed Polygons will be ex- 
actly the fame to 23 Places of Decimal Parts, but no farther; ell 
ods abou And for the firſt 
"twill be ſufficient to take only three Terms of the Equation, which 
will admit of being yet farther contracted, thus: 


1 


352 — 


it will bers , zrre 3 re oþ 2502 + eve = 005 
And rs + — 1073 ee 10 rrece S 4s 
Then the ſingle Value of » may be thus found: 


43046721) 241 
This ,00o00002=r being duly and its Powers multi- 


plied into their reſpeQive Coefficients, will produce 
+,86093442+43046721e 
—,02658881— geg.. g I 


_F-00024635+ G61587e+ Grgg(g)ee+ 3oB(r8)cee) 


iz. 8 gg86e— 1 0 
Henes 2 9325702) 2 = 


All the Terms of this laſt divided 
— ha Ny woe) 6 


nung 5605) EBF = Wigan 
Conſequently, { ——=52 D+ 156 (5) — — 


Operation. 
00002024) — (cooo000004—e 
— ,| 0000000000000000009984 = I56 (5) eee 


1 Di., 00000 198) — 6895 3 (,000000004327 


2 Di. ,000000198 1 792 
6489 
5943 
5455 
Firſt r = ,00000002 3962 
+ « = ,000000804327 Wc. 
. = ,000000024 327—4. Or rather new r for a ſecond 
Operation. | 


Now, if this firſt Falue of «= 000000024327 were not conti- 
nued to more Places of Figures by a ſecond Operation, but only multi- 
plied into the Number of Chords, viz. 000000024327 X258280326 
—6,28318539, &c. the Periphbery of that Circle whoſe Diameter is 
2, nearer than either Archimedes, or Metius's Proportion: — 


Ch. 6. Of theCurcle's Penphery, &c. 353 
Archimedes makes it 6,285714 &c. viz. As 7 to 22. And Meztius 
makes it 6,248318584 &c. — to 355. 

But if the whole Equation before propoſed be now taken, and 
we proceed to a ſecond Operation, the Value of a may be en- 


r 
tained by plain Diviſian only. 


Thus, let r +e = a, as before, and let all the Powers of i be 


now rejected as ; 
r +e=a | r9 rea 
r3-+23r *e==a3 iI tro = 
Then 1 — ir 3+1 37 *e==8* 3 
r7-+Tr%e=a7 Is Ir eas 


The ſeveral Powers of r = ,000000024327 being raiſed, and 


+1,047197581 767 + 43046721e} 

— 047849196598394865 — 59007510 

+ ,000655906484595355 + 134810e| 

— ,000004281440413375 — 1232ek __ 

+ ,000000016302517863 + —_— 4 
— 000600000040631167 — oe 

+ ,000000000000071 388 + oe | 

— gy000000000000000093 — oe 


— 


Viz. 1,000000026474745106 + 37279554 =1 | 
Hence 372795 54e=—,000000026474 745106 =D: Or rather 
— 372795 54. ,0000000264 74745106 = D 


D 
Conſequently, — — — — 
37279554 
Operation. 
37279554) c—_— ( (15)340x67967=—- 
56878 


37905730 
37219554 


6261 1660 
37279554 


&c. 
Z 2 Lait 


B as 


354 2 * 


Laſt r , oo4327 
— = 710167967 
» — & = 000000024326999a8g8 the Chord or Side 
of the Polygon required. — " 
Then the next Work will be to examine how many Places of 
S In order to 
t let @ 


1 the Chord BI, in the annexed 
Scheme ; and let — = 


n 8 2 = 
& = * 22 


Then will the // 888. 098 Cx 
=,99999999999999g9, &c. 

But Cx:xB::CA:AD 

or Cx: B:: CB 

Ergo Dd= (,7) 243269992898320 

the Side of the Circumſcribing 4 

Then will ax 258280326 be the Peri- C 

meter of the Inſcribed Polygon. And 

DdX258280326 will be the Perimeter of the ng Po- 

Iygon. That is, 6,2831853071 795859 = the Perimeter of the 

Inſcribed Polygon. And, 6, 283185 3071795865 = the Perimeter 

ot the Circumſcribed Polygon. 


Hence *tis evident, that the Circles Periphery, whoſe Diameter 
is 2, rr becauſe the 
Perimeters of the inſcribed and circumſcribed Polygons are fo far 


— Satuginn be ſome who will think this is tedious 
and troubleſome Work; but if thoſe plea 
this Peripbery were to be found by the aforeſaid Method of Biſec- 
tion, 19 „„ Gs ng Cs. 


S:2—J/:2+S/:2+4/:2+4/:2 
ITT: Za TNz2TNJI2＋N½: 
Viz. TY :2+&/:2+v:2+v:2+8v: 
+/ :2+4/:2+4/:2+v:2+v: 
2809984. 
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third Root (viz. / :2+/ : 2 +43) muſt have g6 Places in it, 
c. every Extroion being allowed to decreaſe three Places, that 
ſo the laſt Root (viz. the Chord fought) may conſiſt of 24 Places 

igures, as above. | | 


of Fi 

wor whoever duly conſiders the Trouble of theſe fo often re- 
peated Extraction: will, I preſume, be pleaſed with what I have 
done. For truly, when I confider the great Time and Care re- 
quired in them, I cannot but admire at the Patience of the la- / 
borious Van Culen, who proceeded that way until he had found . 
the Circles Peripbery to Thirty-ſix Places of Figures, to wit, 
6, 2831853071 795864769252867665 590ag 76. Theſe Numbers 
are ſaid to be engraven is T omb Stone in St. Peter's Church 
in Leyden, for a Memorial of fo great « Wark. 


Having thus obtained the Circle's Periphery, its Arch may eaſi- 
iy be found (to the ſame Number of Figures) by Preblem 6. That 
is, if half the Frriphery of any Circle be multiplied into half its 
Diameter, the Pr will be that Circle's Area, as will ap 


pear 
farther on. Therefore 3,141 5926533589793 will be the Area of 
the Circle whoſe Diameter is 2. 


Thus I have ſhewed the — Grate how to find the Crr- 
cle's Peripbery and Area to what ExaQneſs he pleaſes to approach: 
for preciſely true they cannot be found, notwithſtanding the late 
Pretenſions of a certain Frenchman who hath publiſhed to the 
World (in the Works of the Learned) that after twenty-five Years 
Study he had found the Quadrature of the Circle : But if he had 

peruſed the 83d Chapter of Dr. Wallis Algebra, he might there 

ve ſeen his Error, viz. the Impoſſibility of what he pretended 
to 3 for it is as impoſſible to ſquare the Circle (that is, ts find its 
true Area) as it is to find the of a Surd Number. 


Note, What I have here propoſed and done by the Triſection 
-of an Arch, may as eafily and much more ſpeedily be performed 
by Quinqueſection or Septiſection, & c. But becauſe the Scheme 
for 'TriſeQion is more ſimple, ard may be eafier underſtood by a 
Learner than thoſe of the other Sections (of which fee my Cam- 


pendnem of Algebra, Pages 76 and 79) I have for that Reaſon 
made Choice of Triſection. 


As to the Proportion of one Circle to another, and of the Cir- 


cle to the Ellis, & c. thoſe ſhall be fully ſhewed when we come 
to the fifth Part. | 


Z 2 2 Before 


fon, and he fo well approved of them as to make t 
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tion of the above-found Peri in * 
Angles, which is done by the Ip of Right-lines, Sines and 
T angents, the h — 3, are calculated to every Degree 
and Minute of a drant, by much Labour. But I ſhall here 
ſhew how to find the natural Sine (and conſequently the natural 
Tangent) of any propoſed Arch cr Angle, by two Equations, 
without the Help of any precedent Sing, as uſual; which I did 
ſome Years ago communicate to the ingenious Mr.  Teſepb Raith- 

m the 2oth 
and at ſt Problems in the ſecond Edition of his Analyſts E quatis- 
num Univer ſalis. 

Ard becauſe, in finding the Quantity of Angles, every Circle is 
ſuppoſed to be divided into 360 equal Parts, called Degrees; every 
Degree is ſubdivided into 60 Parts, called Minutes ; and every Mi- 
nute into 60 Seconds, &c. (See Page 294.) 

Therefore 360) 6,2831853 &c. (0,01 74532925 &c. is an Arch 
of the above ound Periphery, equal to the Arch ot one Degree. 

And 60) 0,01 74532925 &c. (0,0002908882 & c. = the Arch 
of one Minute. , 

Then if the given Arch (or Angle) be leſs than 45 Degrees, re- 
duce it into Minutes, and multiply thoſe Minutes into this conſtant 
Multiplicator, vix. 0,000290882 ca calling the Product p. And for 
the Sine fought put 2. Then it will be — aaaa-+ 12peaae —19544 


— 36 ppaa + 240 pa = 45 fp. 


EXAMPLE. 


Let it be required to fd the Sine of 19. 13 3. Here 
n,0002908882 X 1153 = 0,3353940946 = p. And — 44 + 
4:02472943 — 199,04961 114 +80,4945530= 5,06201 394- 

Let e 4 
(97-0 ＋ er aa 
Then 4 rrr + 3rre-þ 3ree + ece r aaa 
l rrrr ＋ grrre + Crree = ganas 

Note, In this Cafe the firſt r may always be taken equal to the firſt 
Fieurc in the Product = p. Viz. here 1 =0,3 which being inc olv- 
ed as its Pavers direct, and th; ofe Powers multipiied into the reſpective 

C:-efficients of the Equation ; it will be 


F 241 483 + 80,49 


— 17:9144—119,43e— 199,0 3% (62 
+ ons e 3,62 013 
— 0,0081. — GCille— 0, 4 | 


—_— — 


Fre. 6,3344 — 374974 — 195,975 = 5,06201 


Hence 
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Hence 37,97ee + 195,97 = 1,27239 


+£e=0,029 _ 


r + e = 0,329=r for a ſecond Operation. 

Which being involved and multiplied, &c. as before, will pro- 
duce theſe Numbers. 

+ 26,48271781 + 80,49458e 

— 21,54532694 — 130,97464e — 199,049 

+ , 14332578 + 1,300g92e + 3,9724ce 

— O,01171611 — 0,4244 — 0,640 4e 


Viz. 5,6899854 — 49, 31558 .— 195,7 266 5,0620194 


Hence 49, 31558 e + 195, 7266 = ,0069846 ; which being 
divided by 195,7266 the Co-efficient of ee, will become ,25196e 
+ ee = ,0000336854 = D 


D — & 
,25196 +e 
Operation. 0,25196) ,0000356854 (0,0001415 =e 
＋ e 0,0014 2520 
1. Diviſar o, 25 20 104854 
2. Diviſor o, 25210 100840 
| 40140 
25210 
Laſt r = 0,329 | &c. 


＋e S0, 001415 


reg =, 3291415 being the natural Sine of gu". 13. As 
was required. | 

Thus you may find the Ri Sine of any Arch os Angic let; 
than 45 Degrees. But 


tiply the Square 
0,000000084616 calling their Produci 
fought, as before. Then will 


—28a = 196—81p. 


8 


bee 


Thing) to find the Co- ine of 149. 


and reduce RE — as before. 
the 


it were required to find the Sine of 750. 32. "or (which 


_— per 


of thoſe Minutes into this conſtant . 
and putting @ = the Sine 
3 + 19548 ＋ 36paaro8fe 


28. = 868, 


7 X 0,000000084616 = 0,06375172518 = 
Spare 76 Oo Hog <P 


4 51148142 = x Bond 102588. 
Let r— 24 And r=1 


rr — 2re ee = aa 


Then 22 


rrrr — Arrre + Grree aa 


Note, I bere take r 1 becauſe the Arch 
therefore I make it — = 0. 


— 21,1148 + 21,11+ 
na] 


+ 197-2956 — 394,59 ＋ 197, ager 
+ 28,0000 — 84,00e + 84,00 
+ 1,0000 — 4-00e+ G, ooce 


—— and 


{= 190,8361 


_—_— 


Viz. 8 — 461,48. ＋ 287, age = 190,8361 


Hence 461,48e— 287,29ee= 14,3447 
And 1,606 — ee= ,049930 = D 


THEOREM {——— =e 


Operation. 1,606) ,049930 (0,031 e 
— P O0,031 471 


1. Diviſor 1,57 28 30 
— 
2. Diviſor 1,575 ——— 
&c. 
for a ſecond 
xg” Bars 


duce theſe 


; which, being inbred a before, ** 


—20 


&.6: Ofthe Cle Ptptrje 5 


— 20,460254766 + 21,1 1481e 
— 


1 32 — NS nase 
+ 252475889852 — 78,87272e + 8,80. 
_ + o881647759— 3-03941e+ 3.3% 
Fiz. 19HM49650515 — 4439755156 + 284, 2. 40 


90,8361 105 59 


. it wi — — Abg,5248er=o, I 
And 1, 55963 59636 — ee = ,001 1019821 = 4 ** 


* 


Operation. 1,5 5963) 0,0011019821 . 
—# == , oo 109123 


— — — — 


1. Diviſar 1, 5589 1075210 
= 935358 


r 8 


Arch : is to the Sine of that Arch: : fo 
Tengras of ty „%! 


BC = BD Radius, AC the Sine of the Arch 


360 — — Part Ill 


WE CA=8. = and FD=T. Then if & be 
given, 7 may be found by this «het | 


rare. { / = 7 


Or if x be given, T may be found by this 


THEOREM fv — = 


— x 


Let the Sine of 90. 1 37. (before found) be given, viz. 0,329141 
=, to find T the Tangent of the fame Arch. Firſt — 5 


X,3291415 = = 0,108334127 . Again 1 —0,108334127 


= , 891665873 = 1 — SS. Then 0,891665873) 0,108 ar 
Teng of 19 and + 0,1214963253 0,3485632 = the 
as was required. And fo you may 


72. 1 gent, when x = the 


26ͤ— 


benen 
and demonſtrated (or at leaſt have inſerted) the Proportions from 
whence the foregoing Equations for making Sines were produced; 
but I have omitted that, as alſo their Uſe in computing the Sides 
and Angles of plain Triangles by the Pen only (viz. without the 
Help of Tables) for the Subjed of my Diſcourſe hereafter, if 
Health and Time permit. 

In the mean Time, what is here done may ſuffice to ſhew, that 
the making of Sines by ſuch a laborious and Way, as was 
formerly uſed, is in a great Meafure overcome; which, I think, 
I may juſtly claim as my own. 


AN 


Ch. 2. 
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CHAP. L 
Definitions of a Cone, and its Sue rio. 


HERE are ſeveral Definitions given of a Cane: 'The 
Learned Dr. Barrow, upon Euclid, hath it thus : 
A Cone (faith be) is a Figure made when one Side 
© of a Rectangle Triangle, (viz. one of thoſe Sides that contain 
„ the Right-angle) remaining fixed, the Triangle is turned round 
6 gbout, till it return to the Place from whence it firſt moved: 
Aud if the fixed Right Line be equal to the other which con- 
* taineth the R dr 


ight-Angle, then the Cone is 
« but if it be leſs, tis an 


« about HE the Triangle is moved: The Boſe of » Cone is the 
Circle, which is deſcribed by the Right Line moved about.” 
(Defin 18, 19, 20. Euclid. 11.) 
Jenas Moor, in his Treatiſe of Conical SecJions (taken out of 
the Works ef Sy Cog © ons 
If a Line of ſuch a Length as ſhall be need ſhall upon 
Point fixed above the Plane of a Circle, ſo move about the 
«« cle, until it return to the Point from whence the 
«* the Su — n 
4 I 


Altho* both theſe Deffnitions are equally true, and, with a 


little Conſideration; may be pretty eaſily underſtood ; yet I ſhall 
here propoſe one very different from either of them; and, as I 


preſume, gras pals OY iwidle, eſpecially to a Learner. 

If a Circle deſcribed upon ſtiff Paper (or any other pliable Matter. 
, be cut into two, „ or more Ser- 
tors, either equal or unequal, and one of thoſe Sectors be fo rolled 
up, as that the Radii may exactly meet each others it will form 
a Conical Superfictes. 

That is, if the Sector H & be 
cut out of the Circle, and ſo rolled 
up as that the Radii Y H and 

G way juſt meet each other in all 
their Parts, it will form a Cone, and 
the Center / will become a Solid 
i IT INT ITE No 


HARE 


T 
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If a Right Cone be cut directly thro? its Axis, the Plain or Su- 
per ficies of that Section will be a plain Iſoſceles Triangle, as HY 
Fig. 2, vin. the Sides HV and F ©) of the Cone's Baſe will be 
the Baſe of the Triangle, and (YC) us Axis will be the perpen- 
dicular Height of the Triangle. 


Sf. 2. 


If a Right Cone be cut (any where) off by a Right Line pa- 
rallel to its Baſe, as h g (it will be eaſy to conceive, that) the Plane 
of that Sefion will be a Circle, becauſe the Cone's Baſe is fuch : 
wherein one Thing ought to be clearly underſtood, which may 
be laid down as a Lemma, to demonſtrate the Properties of the 
following Sections. | 

If any two Right Lines, inſcribed within a Circle, do 
r 
igure) the Rectangle made of the Segments of ane 
Lina. of the Lines will Þ anal to % Rectangle made of 
the Segments of the other Line. (See I bearem 15. 

Page 315. 


Fa 

That is, baXga=baXab & 
A EF Go 
then it 


if ba Sab and if BA = 4B 

will be ba Xga=(Oba, and 
the Cones Bale HA X<GA=—=7 
A. = 


Sed. 3. 


If a Right Cone be (any where) cut off by a Right Line that cuts 
I Earn, 
igure) t t Section will be an Ellipfs (vulgarly ca 
led an Ova/) viz. an oblong or imperfect Circle, which hath ſe 

veral Diameters, and two particular Centers. That is, 

1. Any Right Line that divides an E/lipfs into two equal Parts 
is called a Diameter; amongſt which the longeſt and the ſhorteſt 
are particularly diſtinguiſhed from the reſt, as being of moſt gene- 
f | 

4 4 2 2. 


1. The longeſt Diameter (as T ) 
is called the 'Tranfverſe Diameter, or 
Tranverſe Axis, being that Right Line 
which is drawn through the Middle of 
the Ellipfic, and doth ſhew or limit its 
Length. 


3- The ſhorteſt Diameter, call'd the 
Conjugate Diameter, is a Right Line 
that doth interſe& or croſs the Tranſ- 
verſe Diameter at Right Angles, in 
the Middle or common Center of the 
Ellipfis (as N n) and doth limit the 
Ellipfirs Breadth. 


4- The two Points, which I call particular Centers of an N- 
lipfis (for a Reaſon which ſhall be ſhewed farther on) are two Points 
in the Tranſverſe Diameter, at an equal Diſtance each Way from 
the Conjugate Diameter, and ae uully called Lens, ocn, 
or burning Points. 


5. All Right Lines within the Elligſis that are parallel to one 
another, and can be divided into two equal 
DINATES with Reſpect to that Diameter 
And if they are parallel to the Conjugate, vi 
n then 
rightly applied. 2922 


Sef. 4. 


If any Cone be cut into two Parts by 2 Right Line parallel to 
one of its Sides (as & A in the following Scheme) the Plane of that 
Section (viz. 853435 C is called a PaRABOLA. 


1. A Ri ight Line being drawn thro' the Middle of any Parabola 
(5 8.4) is called its rs, or or intercepted Diameter. 


2. All Right Lines that interſe& or cut the Aris at 
1 n ſuppoſed to cut or croſs & A) are called 
rightly applied (as in the Ellipfts 


and the greateſt Or- 
dinate, as . 22 limits the Length of the Purabala f Axis 


{S 4) is uſually called the Baſe of the Paraeþela. 
| 3- That 


Right An- 


The Node, Focus, or burning 
of the 'Parabola, is a Point in its 
is, (but fiot a Center, as in the E- 


k 
H XII 


WO S 
_— 


ight Lines that are drawn within an Hyperbola, at Right 
Angles to its Axis, are called Ordinates rightly applied; as in the 
Ellipſi and Parabola. 


3 That 
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3. That Ordinate which paſſes thro? the Facus of the 
is called Las Rachen, or Right Parameter, for the fame 


as in the other Sections. 
Diameter is called the 


change or degenerate 6 
An Zllipſi being that Plane of any Section of the Cone which 
is between the Circle and Parabola, twill be eafy to conceive that 


a Parabola. Now a Parabala, being that Section whoſe Plane is 
ay to x Lapua tr the Side of the Cone, cannot vary, as 
the Ellipfis may; for ſo ſoon as ever it begins to move out of that 
Poſition, (viz. from being parallel to the Canes Side) it degenerates 
either into an Ellipſic, or into an Hyperbola: That is, if the Sec- 
tion incline towards the Plane of the Cone's Baſe, it becomes an 
Ellipfes ; but if it incline towards the Cone's Vertex, it becomes 
an Hyperbola, which is the Plane of any Section that falls between 
the Paraboia and the Triangle. And therefore there may be as 
many Varieties of Hyperbola's produced from one and the fame 
Cone, as there may be Ellip/cs. , 

Jo be brief, a Circle may change into an A 
into a Parabola, the Paratola into an Hyperbela, and the Hyfer- 
lala into a plain Iſeſceles Triangle: And the Center of the Circle, 
which is its Focus or burning Point, doth, as it were,, part or di- 
vide itſelf into two Fai fo ſoon as ever the Cucle begins to 
degenerate into an Ellifgfis, but when the Ellipfes changes into 
a Parabela, one End of it flies open, and one of its Fact va- 
niſhes, and the remaining  F:rus gocs along with the Parahola 

when 


* 
F . 


1 
1 


int 
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cenie Chief Properties of an Ellyfe. 


2833 
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88329 
118825 
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12448 
iz ich 
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2 


the 
igure 


Abſciſſæ / 
angle 


: 


[4 


two Parts as, 


Diameter 


: 
ith 


= 
ally 


being added together, will be equal to the 


=TS, '&c- 


AsST A+SA=TS AndTC+SC=TS. 
Or 74＋3 4 


As the of any two Abſciſle: is to the 
6 1 the Ordinate which divider them : : 


is the Reflengle other two Abſciſls : 10 the 
re of Hef the: Orhan deb Sake tees 


That 
TANK: O.:: T. Xx 4: D 
TANK: OA:: TCX SC: UN 
TCXISC: UNe:: Tax S2: QU 


&c. T 
DEMONSTRATION. 
Let the annexed Fi repreſent a Right Cone, cut thro? both 
Sides by the Right Line T 9; — - 


will the Plane of that SeQon be an 


$a:ad::SC:Ch 
ec Fo DF Per Theorem 13. 
$a X Ck = adXSC © 
Ta X CTS XD 
1 Per Axiom 3. 
X Ct = 
7 BNA B 
for CK X Ck, and aD X ad, take [] NC and & ba 
$1] $&8XTaxXONC=TCX SCXCN be Per Axiom 5. 
9} Sa XTa:Obe:: TCXSC:D NC. — Eb 


1 


W 


* 


C=BC, Ne 


Ta XJS U 

per Lem. Sect᷑. a. Ch. i. 
Ta XS: U a:: TC 
NN 8$C=DTC:D NC, as before. 


And ſo for any other Abſcifſe and their Semi-ordinater. 
Theſe ions being found to be the true and common Pro- 


Proportions 
perties of every Ellipfs, all that is farther required i about 
that Seftion may be eaſily deduced from them. "_ 


Sect. 2. To find the Lar us RecTum, or Ric PartanzTER of 
any Ellipfhs. 
HERE are ſeveral Ways of finding the Latus but 
F I think none fo eaſy, and ſhews it fo plainly to be the Thi 
principal Line in the Eli, as the following. RTE. 
Ms the Tranfeerſe Diameter: is in Proportion to the 
Turonane. \ Canjugae eee th Lata 


Vis. (inthe following Fig.) TS: M.:; Nu: D R the Latus Redlum. 
DEMONSTRATION. * 
From the laſt Prepertians take either of the Antecedemm, and 


its Conſequent, viz, either TCXSC : NMC, or Toa X $a: U ba, 
. nan and 
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and make T8 the third Term, to which find a fourth Proportio- | 


nal, and it will be = LR: 
1I[TCXSCIINC::T$S:LR 


15 Js 
S 
6X 417 


7 = TS$8 


TSX LR = D Ns + 
which gives the following Analogy. . 


vi. HS: Vn:: Nn: LR 
0 TOXIC: DONC::Te Xx Sa: U be 
by common tres. 


1,  1611TS:LR::TaX Sa: Ula, 


From hence *tis evident that L R \ thus found, is that Ordinate by 
which the other Ordinates may be regulated and found. 'There- 
rr it is the true 
Latus Refium. Q. E. D. 


Conſcelary. 
Hence it follows, that if the tranſverſe and c. Diame- 
ters of any Ellipfss are (either in Lines or the La- 


tus Retlum may be ea and then any Ordinate, whoſe 
Diſtance from the Conjugate is given, may be found, as above. 


SeQ. 3. ns of any Ellipſis. 


ys 11 — ride Defniton 4, Page 
or Middle of the ( ; Me a 
364.) and that Diſtance is always a mean Pro 
Den e e ned communes 
Diameters, which gives this Theorem. 


THEOREM. 
their Difference will be the Diftance of each Focus 
. 
That is, the Points f and F to be the two Fri, viz. 


fC=CF, andTC=4TS. NC=4 Nn. Then, TC+ NC: 
fC::FC:TC—NC. Ergo OD FC=OTC—ONC:. Con- 


Dimon- 


Concerning the Ellipfis. 371 
DEMONSTRATION. 

XLR a, by Sth Step of the laſt Proceſs. 

S:E R::TFXS$P:(OLF, Per. common Properties. 

S:LR:: TC+CFXFTCT<ITF:OIR=SOLF 

TIS N 


[TC—ICFALR 
LRXTS =OTC— c 


XLR. INA NANO 
1NC=OTC—OCF 
JF = DF- NC 
8w* tglCF=/ UTT—NC 


Now from hence is deduced that notablc Propoſuion, upon which 
is grounded the uſual Method of deſcribing an Ellipſi, and draw - 
ing of Tangents, &c. 

If frem the two Foci of any Ellipſis there b. 
Pa drawn ta RightLines, /2 as ts meet each atber 
FROPOSITION. Jiny Point of the Ellipfs's Periphery, the Sum 

of thoſe Lines will be equal to the "Tranſverſe. 
Viz. fN X NP=TS. fi,+LF=TS. Or f B+BE=Ts, &c. 


1 


DEMOXSTRATION. 


e 
8th of t . 
08 NC=ONF 
7 7 11. 
* F=OTC 

by Axiom 5. 

F=TC 

2 nn W 
S: LR:; : ULF, by common be. 
04 e 

+TS=TC. And LRS I 

Fc: L:: TCEHCFXTC—CF; OTL 
8TC+LF=OTC—DOCF 
F+OLF=CfEL, by Theorem 11. 

1 CF+IEF=!1fE, for 2 CTF 


$X,hgOTC—4DUCCF=4TCXLF 
QOTC+ULF=,47CXLF+OfFL 
OTC—47CXLIF+DOLF=DfL 


B b b | V3 we* 
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13 wo 3 2TC—LF=fL 
14+EF| 152 TC=fL+EF. ButaTC=TS 
Evo 16] TS=fL+LF., E D. 


1 


— 


y 
of an Bligh 
, althoꝰ this eaſy Way of deſcribing, or, 
drawing an Ellipfis, be mechanical, and 
— s, &c. yet it gives as pleat 
a of that Figure, as any other Way whatſoever ; 
ſcribing it thus about its two Fac, as a Circle is about 1 
coth plainly ſhew that thoſe two Points are not i 
particular Centers in Definition 4, SeQ. 3, Cl 


its 
zap. 1. for each of 
them bears much the ſame Re A to the Ellipf,”s Periphery, as 


the Circle's Center doth to its 


SeQ. 4. To d:cribe or delineate an Ellipfis ſeveral Ways. 


HERE are ſeveral (other) Ways of defcribing an Eliipft:, 

both Geemetrically and Numerically, according to pecu- 

har Occaſions, but I ſhall only mention two or three of them, 

leaving the reſt to the Learner's Genius. Now, in order to that 

Work, it will be convenient to confider what Lines are requiſite 

3 which I take to be chiefly theſe fol- 
ng. | 


1. If the Tranſverſe ard Conjugate are given, the Elipfes is 

rieftly limited; (vide ConſeFary Page 370.; for f T Sand N n 
* ſet at Right Angles in their Middle at C, and 7 C or CS be ſet 
of from N, or u, both Ways upon the Tranſverſe to f and , 
(viz. make FN = TC=NF) then will thofe Points f and F be 
the two Feci (by gth Step of the laſt Proceſs) and then the Ellipfes 
may be deſcribed as above. " 


Ch. 2. | Concerning theEllipfis. 


2. If the Tranſverſe Diameter and Latus ReQum are 


te to be, as a: tod: 
Viz. a:d::TS: Nn, — Na, &c. 


4. If eicher the Tranſverſe «s Conjugate, and the Diſtance of 
the "Focus from the Conjugate be given, the Ellipfis is limited, be- 
cauſe by them the Conjugate or Tranfverſe may be found. 

beg to —— and the 
dered, it 


precedent Work a litile conſi- 
muſt be eaſy to deſcribe or delineate any Ellipfis in Plano, 


— . —— numerically. 


1. To deſcribe an Eilipfis numerically by Points. 

the Tranſverſe Diameter 7 c 20, and the Conjugate 
N n = 12, (either Inches, or any 
ether equal Parts) and let them 
croſs each other at Right Angles 
in their Middles, as in the Point 
C; then will TC=CS=10, 
and X C=Cx =6, and it will 
be 20: 12::;:12:% 2 = the 
Latus Rectum. 


Again 20: 7,2. Or rather take their Ratio. 
: 0, 36::10+1 X10—1:[e| nr. 
Thus {1 o, 36: : 10+ 2 X 10— 2: Q 2. 
1:0, 36::10+ 3X 10— 3: [7] d. || 3. &c. 
: 100—1X0,36=[7 4.1. Hence,/ggX0, =5,97 &c.=e.1 
Viz. Ses 355, 88 &c.=b.2 
100-96, 3643. ND, g, 72 Kc. 43 
If fo many Semi- ordinates as may be convenient (the 
2 be found in this Manner, © one of them 
be ſet off at Right Anples from 1 e Point in the Trant- 
verſe Diameter each Way, viz. from t to a, frem 2 to b, frem 
3 to d, &c. Then if a Curve Line be carefully drawn with an 
even Hand thro” thoſe extreme Points a, ö, d, &c. it will be the 


Eltipfis's Periphery required. — 


2. To deſeribe an Ellipſis Geometrically by Paints. 


ing the Tranſverſe and Conj Diameters given, viz. 
at Right Angles in their Middlss, as before: 


374 


T Sand Na, placed 

'Then from either End of the Conjugate, viz. N (or ) ſet off 
half the Tranſverſe Diameter to x. XxX 
That is, make Nx = C (canti- 


nuing ugate Nu when it is 
ſhorter than T C/ Or, which is all 
one, make Cx = TC— N C. 
Then take any Point in the Line 
Cx at Pleaſure; ſuppoſe it at G, and 
from that Point at & ſet off the Di- 
ſtance Cx to the Tranſverſe (as at E) viz. ma E 

and join the Points & E with a Right Line, produced fo far be- 

Exs to make EB MC. Conſequently GB = T C. 

Then, I fay, where-ever the Point G was taken between C and 
z the Point B will juſt touch (or fall in) the Ellipſis's Periphery. 


DEMONSTRATION. 


Draw the Right Line B A perpendicular to T S, viz. let B A 
be a Semicordinate rightly applied to the tranſverſe Diameters T S; 
then A GCE and A B AE will be alike. 


1jCE: AE: : EG : EB, by Theorem 13. 
E + AE: A:: EG + EB: EB. See p. 192. 
g E+AE =CA. EG+ EB—=TC. And EB = NC 
Therefore 4 CA: AE:: TC: NC 
6, in [L's] CA: DOE: : DO TC ONC 
| CAX 8 

Ss — De 

But | NC- AB = DO AE 
That is, | |] EB—O AB = DO AE 


 [IC4XONC 


[Ly 

8 XTC JKD O NCH ο 

9 +l INCA DTC CAX DO NC=OAB x ITC 
10, Analogyh 1 TC: DONC:: HTC 0 CA:0) AB 
| That isj19TCXCS: [INC :: TC+CAXTC—CA: O48 
which is according to the common Preperties of the Ellipfes - 
Therefore te Point B truly found. = 

Q. E. D. 


Hence 


A 


1111 f $3387 233% 10 1121 ä 172 2 5 
gh 1 0 wr Wh cli 1 
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Seck. 5. i Bligh gelber, fd ts Taanevans: and 


1 


Ellipfs to be T NS « (in the annexed 
ired to find the Tranfverſe Dia- 


= 
1 
Z 


two Right each 
ether as H diſect 
hole Li , Middl 
Point of each, and P; 
then thro? thoſe Poi and P 
draw a Right Li A, and it 


Z 


n 
1 
| 


i 
i 
94 * 


* 

= 
l 
f 
1 
; 
I 


F. 
they are drawn in an Ellipſis (as it is in a Circle) to cut or croſs 
another in the common Center ar Middle of the Figure, as at C. 


the Point C deſcribe an Arch ot any Circle that will cut 
ipſis's 'Periphery in two Points, as at Band 6; then join 
Points B ù with à Right Line, and it will be an Ordinate, 
. whoſe Middle (as at 4) and the common Center C, the 


Fit - 


Seft. 6. To drow — or Right Live that may touch 
the Ellipfs's Periphery in any affigned Point. 


angents ts or from aſſigned Point in the 
en 


Caſe 1. If it be required 10 draw a T that may touch 
the Ellipſis in either of the extream Points of its tranſverſe Dia- 
meter, as at T or &, it is plain the Tangent muſt be drawn pa- 
rallel to the conj Diameter Na; as HK in the following 
Figure is to be. 


Ellipfis's Peri 


c 


Chap. 4. Concerning the Elliplis. 4399 

Caſe 2. Or, if the Tangent muſt be drawn to touch the Elligfhs 
in either of the extream Points of its Conjugate Diameter, as at 
N or n, it is as evident that it muſt be drawn parallel to the 
Tranſverſe Diameter T &, as TM. ͤ— 
gent and the Tranſverſe were 
beck infinitely continued, 


\n 5 
| bs wty eee.” Le De ff pmls, clem #Þ 
Then, if y be given, = may de found by this 

252 =x. On if 6 te gl 3 meg be fornd by 


DzMoxsTRATION. 


T then will AB 
4 Pand A3 P be alike. Putx=4a the Diffance between 
the two Semi-ordinates (viz. between B A and ba) which we 
ſuppoſe infinitely ſmall. 


: * — : 7 : ba, by Theorem 13. 

D — 3 x5: D —y + & * -:: H: 
Dy — yy: — — —as: 2234: 2 * 
: X — 22x + xx: : ] BA: 0] 6a 

x=0, that ſo x may be every where rejected. 

Dy —y: 2 —y +23 —D:: DO B&:Ote 

=z: $2 — 2 3: 4: . ö 8 

- 8] Dy — yz: Dy— yy + 9 D: : 2S: 2% — 232 


Cee 11— 


— ono 
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= 2—2} 22 the 1ſt Theorem, and gives 

15.— 

in A D— 57: K. — $4: TA: 4P 

fo — 3s 14/9 — ys =— + Dz 

1400 [is 5 7 I D—9f1 1 100 T 

16] y—3D—Jz==y ]＋ n, 

175720 22 which is the 2d Theorem. 
* — 


The Geometrical Performance of theſe two Theorems is very 
eaſy, as by the following Figure. 


1. 1. Suppoſe the Piint B in the Ellipfis Peripbhely were given, 
and it were requir'd to find the Point P, &c. 


Make T C Radius, and upon the common Center C deſcribe 
the Semi-circle T dS, and join the Paints C and d with a Right 
Line; then biſe& that Line (by Prob. 2, Pag. 287) and mark 
the Point where the biſecting Line would croſs the Tranſverſe, as 

at e. Upon that Point | e, with the Radius Ce (or Cd) deſcribe 
another Semi-circle, producing the Tranſverſe Diameter to ite 
Periphery, and it will aſſign the Point P. 

For TY TS,z= AS, z= AP, as before. 


= 
8 | 
For 3 TAI: A:: 44: SA 
And 4 CA: 44: 244 : AP 
B*t A="D -», þ 
| —— 
1, xa. 11th Szep 


_ 


Therefore the Point P is truly found. Conf ntly, if a 
Right Line be drawn through thoſe Points B and P, i will be 
the Tangent required, according to the firſt Theorem. 


2. The Converſe of this is as eaſy, to wit, if the Point P 
be given, thence to find the Pain! B in the Ellipfis Peri 

Thus, circumſcribe half the Ellipſis with the Semi-circle T d 5. 
as before; and biſe& the Diſtance between the Points C and P, 
as at e, viz. Let Ce=e P. Then making Ce „ up- 
on the Point e, deſcribe the Semi- circle Cd P; and from the 
Point where the two Semi-circles interſect or croks each other, 


as at d, draw the Right Lins 4 „„ „ 
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TS, and it will aſſign the Point of Contact B in the Ellipfie Pe- 
ripbery through which the 7. muſt 

But the practical Method of drawing Tangents to any aflign'd 
Point in the Ellipfs Peripbery may (without finding the aforeſaid 
Point P) be eafily deduced from the following of Tan- 
gents drawn to a Circle, which is this. H 

It to any Radius of a Circle, as CB, 
there be drawn a Tangent Line (as HK) 
to touch the Radius at the Point B ; the 
two Angles, which the Tangent makes 
with the Radius, will always be two 
Right Angles (16, 17, 18, 19 Euclid 3.) 
that is, << BC=<CBK=ygos?. 


5 


In like Manner the two Angler, made between the Tangent 
and the two Lines drawn trom the Foci of any — 4 to tha 
Point of Contact, will always be equal, but not Right Angles, 
fave only at the two Ends of the Tranſverſe Diameter. 

Theſe being well confider'd, and compared with what hath 
been faid in page 372, it muſt needs be eaſy to underſtand tha 
following Way of drawing Tangents to any aſſign'd Point in the 
Ellipfes Feriphery; which is thus: 

ving ** tran ſverſe and conjugate Diameters found the two 
Faci f and F, by Sed. 3. from them draw two Rigbt Lines to 
meet each other in the ang b 
Point of Contad, as fb and Fb 
(or FB and FB) in the annex'd 
Figure. Next ſet off (viz. make) 
bd =bF(or BD= BF) and 
join the Points Fd (or FD) with 
a Right Line. 

Then, I fay, if a Right Line 
be drawn through the Point of 
Contact b (or B) parallel * F, 
or D F, it will be the Tangent ir'd. For it is plain, that 
the <fNH=<F NK when the T angent 5 to 
the Tranſverſe Diameter, even ſo is the <fbb=<FBkh, 
(and < BH=<FBK) and will be every where ſo, as the 
Point of Contact b (or B) and its Tangent is carried about the 
&lipfs Periphery with the Lines fb F (or FBF 
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CHAP. m. 2 
Concerning the Chief Properties of every Pan anoLa. 
OTE, in Parabola, the intercepted Diameter, or that 
Part of its Axis, which is between the Vertex and that 
inate which limits its Length, as & or & 4, &c. is call'd 


an Abſciſſa, Sec. 1. The Plan or Figure of Parabola is 
W following 


ak for oo ak . of its Semi- 
HEOREM ordinate : : ſo is any other Abſci — 
ef its Semi-ordinate. 
That is, if we ſuppoſe the annex d 
Figure to be a Parabola, wherein Sa, E 
by 


and $.4, are Miſciſſe; and bob, BAB, 

Ordinates rightly apply'd, it will v | 
whereſo- 

beSa: U:: S4: Ol BA 

or J: $4: : U: O B&)® the 


Paints a, RB N. 

J. are taken, 2582.588895 = Wy 

ſeiſſe, Se. 1 i 5 "th OY; 
:  DanonrraatrION. | 


Let the following Figure HV "repreſent a Right Cone cut 
into two Parts by the Right Line & A, parallel to us Side ¶ Fi. 
Then the Plain of that SeHion, viz. BbS bB will be a Parabela, 
by Sed. 4. page 364, wherein let us ſuppoſe & A to be its Axis, 
and bab, B AB to be Ordinates rightly. apply'd to that Axis. 
Again, imagine the Cone to be cut by. the Right Line b g parallel 
to its Baſe H G. Then will 5 & be the Diameter of 2 Circle, by 
Sea. 2. page 363. and ages like to ASAG. 1 


Bf da: ag: : £G 
Therefore | 1 bs 9 4 


2} FC xag 
SAAG cba. ag 
; cba By Axiom 3. 
H= ha, becauſe 8.4 
5 is parallel to 


1 
2 * 05 


But 4 


And þ GAA OCH) By Lem. 
2104 ba== ag x 5a P. 363 
SA CEA ANU 
4 Axiom 5 

: C3 ba : : 54 : 01 
Vide Pare 194. 
— — QQ. E. D. 
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prov'd to be the common Property of 


every Pareto, all that i irther 331 
Figure, 2 


Sect. 2. By the LArus RecTuM or Right Pax Au rn 
es | of ay Favavele. 


The Latus Refum of a Parabals hath the ſame Ratio or Pro- 

portion to Abſciſſa, and its Semi Ordinate, as the Latus Rec- 

tum — Es hath to its Tranſverſe and Conjugate Diameters, 
2 1 


As cifſa : is in Proportion to its Semi-ordi- 
Teen Lek : tothe Latus Rectum. 


Lat & an the Later Rates. 
Then 18 42: :: 42: N 
1 | 


2/8 4: A:: 54: L are taken in the Axis. 
* Il: or S e 


1 1122 Or SAxL=D1B4 


2 8. 


3=4|5 


5 X = la, which gives this 

gy\71Se : H:: S4: A4, the fame as at the th Step of 
the laſt Proceſs ; therefore L (thus found) is the true Latus 
Hectum, by which all the Ordinates may — 
according to its Definition in Section 4+ page For by the 
third Step SaX L=, and by Uh Se SAXL= OD 


B A. Conſequently y Sax L=beandy SAXL=BA4; and 
ſo for any other Ordinate. 
#, wo 


eee 
r b:: be : Le, and L.: BA:: 


Conſequently 99 JA. S.. 


From the Conſideration of theſe Proportions, it will ; "64 hat 
conceive how to find the Latus Rectum Geometrically, thus 
*. . 
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Join the vertical Point S of the Axis, and either extream Point 
of any Ordinate, as B (or 5) with a Right Line, wn SB (or Ss) 
and biſe& that Line (by Problem 2. page 
287.) marking the Point where the bi- 

Line interſe& or croſs the 
Axis, as at E (or e) and with the Radius 
SE (or Se) upon the Point E (or e) de- 
ſcribe a Circle; (as in the annex'd Fi- 
gure) then will the Diſtance between 
the Ordinate and that Point where the 
Circles Peripbery cuts the Axis, viz. A 
R (or 4 r) be the true Latus Rectum re- 


ques. 
For SA : BA:: BA: jd gre goth ha : : ba: ar, by Theor. 13. 


therefore AR=L. ar L, by the iſt and ad Steps above. 
Conſectarq. 


From theſe Proportions of finding the Latus Rectum, it wil 
be eaſy to Gecuce and demonftrate this following T heorem. 
the Latus Rectum: Us to the Sum of of any two Se- 
THEOREM. f mi-ordinates : : ſo is the Difference of thoſe two Se- 
mi-ordinates : to the Difference of their Abſciſſe. 
Suppoſe any Right Line drawn within the Parabola, as 5 P, 
parallel to its Axis & A; then will that Line (vi. Nj be a Dia- 
meter (by De,. S. pag. 365) which will mike EDS ABZ, 
DB=AB—ab, andblD=S A— Sa Then it will be 
L: ED: DB: 6D, according to the Thearem. 


DEMONSTRATION. 


2 by Step 2. 
of the laſt Preceſe. 


* 
7 = 5 by Step I. 
af the * Praceſi. 
A BAY — 
2 ww = $4 Sv 12 
3 x L 4 S4—SaxL= n 
5 G N baxBA—he 
L= a 


Ty : B4-|-ba: : BA—ba: SA—Sa 
Or1L: ED ::DB : 6D | This 


following fna/o- 
D 


2 gives the 


4-=$ 
e 
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This peculiar of the Parabola was firſt publiſh'd Anno 
1684, by one Mr. 7 bomas Baker, Rector of Biſhop Nympton in 
Devonſhire, in a Treatiſe entituled, The Geometrical Key : Or, the 
Gate of Equations unlecÞd ; wheiein he hath ſhewed the Geo- 
metrical Conſtruction and Solution of all Cubic and Biquadratic 
Adfected Equations by one general Method, which he calls a 
Central Rule, deduced from this peculiar Property of the Parabola. 


Sect. 3. To find the Focus of any Parabola. f 


FYHE Focus of Parabola is that Point in its Axis thro” 
| which the Latus Rectum doth paſs. (See Definition } ay 
4. page 365.) Therefore its Diftance from the Vertex of the Fu- 
r 21 eaſily found, either by the Latus Rectum itſelf, ot 
by any other Ordinate, and its Abſciſſa. 

Thus, ſuppoſe the Point at F to P 


be the Focus, & the Vertex, the Or- R 
dinate R F R = L the Latus Rec- - 4 
tum, and ba bany other Ordinate. \ 


Then will SF. b 


DEMONSTRATION. 


SFL FR, by SeR. 2. Page 381. 

FR=3L ; for the Ordinate RFR=L as above. 
3[OFR=4OAL=LLx!L 

1, + 2{4, $FxL=zQL "ER 

4 —L|5|SF=3L, as by Definition 4. Sect. 4. Page 365. 


Ane L, by dhe 34 Step in Page 381. 


Conſeq.|7 =I. Kc. as above. Q. E. D. 


I 
p 


- Set. 4. To Dxscrist, or draw a Parabola ſeveral Ways. 


% | 
OTE, There are two or three Ways of drawing a Parabola 
inſtrumentally at one Motion; but becauſe thoſe Inftruments 
or Machines are not only too perplex'd for a Learner to manage, 
but alſo a little ſubject to Error, I have therefore choſen to ſhew 
how that Figute may be (the beſt) drawn by a convenient Num- 
ber of Points, viz. Ordinates found, either Numerically or Geo- 
metrically, according to the Dar A; which if the Work of the 
three laſt Sections be well conſidered, mult needs be very eaſy. 
CY 


trically, Oe. ö 
3. If only the Diſtance of the Focus from the Vertex of the 
Parabola be given, any aflign'd Number of Ordinates may be found 
by it. For SF = l the Latus Rectum, andFL=FRasin 
the laſt Section; and it will be, as SF: is to UR:: fo is any 
other Abſciſſa, viz.. (Fa or SA, &c.) : to the Square of its Se- 
mi-ordinate, (viz. (ba, of [] B A) according to the common 
Altho' any of theſe Ways of finding the Ordinates are caſy 
enough, yet that Way which may be deduced from the following 
Propoſition will be found more eaſy and ready in Praglice. 


Ps FIR. * om the Vertex, A727 
OPOSITION: ( from the Focus to the extriam Point of the Or- 
FO Do which cuts off that Abſciſſa. 

For Inſtance, ſuppoſe & to be the Vertex 7 

of any Parabola, the Point F. to be its Focus, 8 

and A B any Semi- ordinate rightly apply'd 

to its Axis & A: Then I ſay, where-ever the 

Print A is taken in the Axis, it will be 8 4 

it will be T= B. 


DEMONSTRATION 


Firft | 1 | SF=3L by the 7th Step, Sect. 3. 
: Ergo = A= FAA by Conſtruction above. 
28122 9 —— Fignre. 
Again | 4| 48 F4+; 
4 x L| 5 | $44L=FA4<L-+;LE, but $4xL=048 
Ergo} 6|©4B =F4xL-+;LL 
3 — 6] 7 | O/4-DCaB=OFA, conſe. I /4=TIF44+D48 
But ; 8 | DIF4+CLUB=[FB, by Theor. 11. 
Ergo | g | O/4=DFB 
g w* |10|/4=FB | QA b. 
— | This 


| 
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> agg ot being well underſtood, 
other r by — 2 it ma 1 bfi even, or 


- bay found. Thus draw any Right 
Line to repreſen the Furabola ? Axis, and from its vertical Point, 


as at &, ſet off the Focal Difftance both ards and downwards, 
viz. make Sf = & F, the Diſtance of given Focus from the 
Vertex; as in the Scheme: "Then by the Propoſition it is evident, 
that, if never ſo many Lines be drawn Ordinately at Right Angles 

to the Axis, the true Diſtance between the Point F qut of the 
Parabela, and any of thoſe Lines (or Ordinates) being meaſur'd 
or ſet off from the Focus F to the ſame Line or Ordinate, it will 
aſſign the true Point in that Line through which the Curve muſt 
paſs : that is, it will ſhew the true Limits or Length of that 
Ordinate ; as at B in the laſt Scheme. 

Proceeding on in the very ſame Manner from Ordinate to Or- 
dinate, you may with great Expedition and Exactneſs find as 
Ordinates (or rather their Points only, like B) as may be thought 
convenient, which, being all join'd together with an even Hand, 
will form the Parabola requir'd, 

N. B. The more Ordinates (or their Points) there are found, 
and the nearer they are to one another, the eaſter and exacter moy the 
Curve of the Parabola be drawn. The ſame is to be obſery'd 2 
any other Curve is requir'd ts be drawn by Points. 


| Seft. 5. To draw a TANGENT to any given Point in the Curie 
of a Parabola. 


Tangents are very eaſily drawn to the Curve of any Parabols ? 2 
For, ſuppoſing S to be its Vertex, B 
the Point of Contact (viz. the Point 4 
where the Tangent muſt touch the 


Curve) and P the "Point where the Tan- Pac 
gent will interſe& (or meet with) the _____. | — 


Parabola's Axis produced: Then if a 4 8 Þ 
from the Point Cantaft B there be 3 
drawn the Semi- ordinate B A at Right a 


Angles to the Axis S 4, whereſoever 
the Point A falls in the Axis, it will be SP = A. 


DEMONSTRATION. 


Draw the Semi-ordinate b a (as in the Figure) then will the 
22. Let 5 = A S he Ae 
d at) 


Conic Sections. Part IV. 
,} pt © = 2's the Dience between the two Ga) 
we ſuppoſe to be infinitely near each other, as 
Page 377. 
+2: BY: eil: : ba, per Theorem 13. 
28 1 1 — 
* 7 * heorem $0. 
J:iyÞF=#:: 277 Ok — 
2 bee: 28.25. 


| C22x+xx: : 
r: 21 . — 
DHX CAN H 


6 24 start 
Eee 
Dns, 8] =o er 
7 7 
Suppoſe | 9 |} x o and rejected, as in the Ellipfer, Page 377. 
Then | 1© ===y, conſequently zz = yy 
<oolnthoe. ci SSS. 


Q. F. D. 


— 
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CHAP IV. 


. the chief Properties of the Hy rERBOLA. 


OTE, any Part of the Axis of an Hyperbola, which is inter- 
cepted between its Vertex and any Ordinate (viz. any inter- 
cepted Diameter) is call'd an Abſciſſa ; as in the Parabsla. 


Sed. 1. 
The Plane of every Hyperbola is proportion'd by this general 
Theorem. 


As the Sum of the Tranſverſe and any 3 
multiply'd into that Ahſciſſa: is to the Square of 
its Semi-ordinate : : fo it is the Sum of the Tranſ- 
verſe and any other Asſciſſa multiply*d into that 
- Abſciſſa: to the Square of its Semi-ordinate. 


THEOREM. 


That 
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That is, if TS be the Tranſverſe Dia- 


Then 83 T4=T8 +84 | 


And it will be 
Ta x Sa: U:: TAXĩ S4: D034. 
Po That is, 
T-i-SaxSa:C}ha :: TS LSA. : HJ 
&c. 


DEMONSTRATION. 


Let the following Figure H repreſent a Right Cone cut into 
two Parts by the Right Line SA; then will the Plane of that Sec- 
tion be an Hyperbala (by Sed. 5. Chap. 1) in which let & A be 
its Axis, or intercepted Diameter, 345 and B AB Ordinates 
rightly apply'd (as before in the Parabola) and T & its Tranſverſe 
Diameter. Again, if the Cone is ſuppos'd to be cut by þ g, pa- 
rallel to its Baſe H GE, it will alſo be the Diameter of a Circle, 
c. as in the Ellipfs and Parabola. 
Then will te AS ga and AS GA 
be alike; alſo the ATaband AT A 
H will be alike; therefore it 


will wd þ 82 


And ab:: T4: 4H 
1 13 pg he $4 x ag 
2 *[*] Tax AH= TA x 45 
Sa x Ta x AG x A= 
- 3X45 84 x TAN x ab 
But j 6 x ab lab 


ag 

| AG x AH= 0 4B 
| per Lemma 363 
1 = ' 


2 
which give 
$. Aua. | 9 Sax Ta: H:: CA TA: 01.45, &c- 


——ä— 


3 | Q. E. D. 


Ddd2 Thele 
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f Theſe Proportions are the common Property of every Hyper- 
bela, and do only differ from thoſe of the Ellipfis in the Signs + 
and —; as plainly appears in the fol- T 2 
lowing Proportions. That is, if we 

ſuppoſe TS the Tranſverſe Diameter 7 

common to both Sections (viz. both 

the Ellipfis and Hyperbola) as in the of 1 
annexed Scheme : then in the Ellip- 6 

Air it will be T$— $a X $a: U:; PL 

TS — AXA: AB as by Sea. SS) 

I, Chap. 2. and in the Hyperbola it 5 7 

is 78 ＋-E $a X Sa: Ua: : TS + SA a 

X $4: [1 AB, as above. There- | 

fore all, that is farther requir'd in — —B 
the Hyperbola, may (in a manner) 4 . 


be found as in the Ellipfes, due Re- 
gard being had to changing of the Sign. 


Sect. 2. Te find the Latus Rrcrun, or Ricur PARAMz- 
TER, of any Hyperbola. 
Fee the laſt Proportion take either of the Antecedents and 
its Conſequent, viz. either Ta X Sa: Ua. Or TAX SA 
AB, to them bring in the Tranſverſe 78 for a tbird Term, 
and by thoſe three find a fourth Proportional (as in the Ellipſis) 
and that will be the Latus Reffum. 


Cl ab -j- TS 
— =the Latus Rec- 
Ta x Sa 


h tum, which call L (as in the Parabola.) 
Then | 2 78: L:: Ta x Sa: UI ab. | 
* Ta x Sa: I ab:: TAx SA: Q A, therefore 
4178: L:: T4 Xx SA: UA, &c. 


| Ta -j- Sa: Tl ab: : TS: 
| | 


—_— 


— 


ly L is the true Latus Rectum, or right Parameter, 
in which all the Ordinates may be found, according to its Defi- 
nition in Chap. 1. And becaufe TS + Sa = Ta, let it be TS + Sa 


ab x TS 
inſtead of Toy then it will be 75 C= L and in e 
ab XTS 
Bure it would be 75 g IR = L. 


*% 
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Sect. 3. To find the Focus of an Hyperbola, 


HE Focus being that Point in the Hyperbola's Axis through 
which the Latus Rectum muſt paſs (as in the Ellipſis and 
Parabola) it may be found by this Theorem. 
| the Tranfoerſe into 


Ie Ae 4 4 
* 


alf the Latus Rectum, 
XN Sum 
'4 1/ſtance ocus from Center 
the Hyperbola. 7 


T HEOREM. 


DEMQNSTRATION. 


oſe the Point at E, in the annex'd Scheme, to be the Focus 
ſought; then will FR =4L. Let TC 
= C $ be half the Tranſverſe; then is 
the Point C call'd the Center of the Hyper- 
bola (for a Reaſon that ſhall be hereafter 
ſhew'd.) Again; let CS = d. and & 


Ew 
Then 2 2d: L:: 24axa: 3 LL 
ve, Z1 TS: L:: TS$+SPxFS: CI FR 
1 | 3 4.24 
3+, 4 | d#+idL=dd+24a-jaa 
4 ww? s | Vdd+idE=dta=FC 


Or —. Dre 


In the Ellipſis it is, 2d: L:: 24—aXa: * LL. that is, 1 4 L= 
24a — aa, &c. 

The Geometrical Affection of the laſt Theorem is very eaſily 
perform'd, thus: make Sx =} L, viz. half the Latus Hum; 
and let CS = d, as above. Upon Cx (as a Diameter) deſcribe 
2 Circle, and at & the Vertex of the | 
Hyperbola draw the Right Line 1 SN 
at Right Angles to Cx; then join the 
Points CN with a Right Line, and 
it will be CN=d+a=FC. 

For | 1 PEACE Sx. per Fig. 
4:SN::8N:3 L. 
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Now here is not only found the Diſtance of the Hyperbola's Fo- 
cus, either from its Center C. or Vertex S, but here is alſo found 
that Right Line uſually call'd its Conjugate Diameter, viz. the 
Line & N, which bears the ſame Proportion to the Tranſverſe 
and Latus Rectum of the Hyperbola, as the Conjugate Diameter 
af the Ellipfs doth to its Tranfverſe and Latus Rectum. For in 
the Ellipfis TS: Nu: : Nn: LR. per Sefi. 2, Page 369. Con- 
fequently : TS: Nu: : 1 Nu: 5 LR But 1 TS= d, 1 N 
= KN, and f LR = ZI. Therefore d: N:: V: 1 L. As 
at the 2d Step above. 

What Uſe the aforeſaid Line = SN is of, in Relation to the 


Hyperbela, will appear farther on. 


Sea. 4. To deſcribe an Hyperbola in Plano. 


N order to the eaſy Deſcribing of an Hyperbola in Plano, it will 
be convenient to premiſe the following Propoſzion, which dif- 
ters from that of the Ellipſit in Sed. 3, Chap. 2. only in the Signs. 
If from the Foci of an Hyperbola there be drawn 
two Right Lines, fo as ta meet each other in any 
ProrosITION.+4 Point of the Hyperbola's Curve, the Difference 
of thoſe Lines (in the Ellipfer it is their Sum) will 

equal to the Tranſverſe Diameter. 


That is, if F be the Focus, and it be made Cf = CF (as in 
the laſt Scheme) then the Point f is faid to be a Focus out of the 
Section (or rather of the oppoſite Scction) and it will be f B — 
ar 


DruoNsrTRATION. 


Suppoſe fC, or C F, = K, and S = x, let CS, or 7 Cd. 
as before; then will FA ATA ＋ 2, and F4=d+x—z. 
Again, let FBS, and f B = b, then 24 2 35 — 6, by the 
Propoſition. | 


From theſe ſubſ/ituted Letters, it follows, 


That 1 | dd + 24x | 26 -|- xx | 22x 22 = If A 
2 | dd + 24x — 2% + xx — 22x | 4 = [IF A 
Put FAT HB, and DF AD 4A B=CFB 


3 du 1 dl. A4 2da a FC xx. 


324% 
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3 — 4 
4 — 34 


4 
4 


13 — &d. 


4 


x — 4 AI. 
xx — 44 
2 
1 | 
24: L:: 24 x x #01] 4B, By common Properties. 


15 


14 — 411 
16, or 


. 927 ted 


[1 


z2z—ad 
ü: 2dx-þxx: UA 


E 
— . ny om 


; d. ade ad +xx + 22x A 


— —— *=DF 4+ 0. 48=b 


TAE". xx—22x-þ 22-| 
2022x-|22xx— 24" x—dxx __ = IF A+ AB=bb 
dd 
4* + 24* K zd EAA |-2dzzx CNN A 
4* — 24* K 2ddzx + ddzz-þ zx 22xx=ddbb 
dd-|-dz-|-2x=db 


ex 


us 
+ Spe 


— CY 
— 


the true Value of b, as in 
17th Step. 


But becauſe I would leave no Room for the Learner to doubt 
about changing the Zquation, d—z——=6 into that of 


x + ——d=b. it may be convenient to illuſtrate the whole 


Proceſs in Numbers, whereby (I preſume) it will plainly appear 
thath — 5 7. 

In order to that, let the Tranſverſe TS= 24 = 12, then 4 
= 6 ſuppoſe the Abſciſſa 8 {= x = 4, and the Semi-ordinate 


4323 


| 


: T8: L. per Sect. 2. 
12: 1,6875 = L 


CF. per Sect. 3. 


TS8-+SAKSA: UA: 

p00 Des nba 91 

ol Pay a -|- a = 

V 36 + 5,0625 = 6,408 = CF=s 

2 x--z=6-+ 4+ 6,408 = 16,408 = f A 

OS COTE GO INTE 3.592 FA 
5 


4 o 


2 ———— 


Conic Sections. Part IV. 
UE dL 
9 


g= O48, for 4 B= 3 By 

10 | 278,2224 = DOIf A+ O4B=IfB 

11 21, 0 4 = TAT = AFZ. 

12 16,68 =fB 

13 4,68 =FB | 

14 | 12, fB—FB=TS. Which was to be prov'd. 


If this Propoſition be truly underſtood, it muſt needs be eaſy 
to conceive how to deſcribe the Curve of any Hyperbola very rea- 
dily by Points, when the ＋ „ Diameter and the Focus are 
given (or any other Data by which they may be found, as in the 

t Rules) thus : 


Draw any ſtreight Line at Pleaſure, and on it ſet off the Length 
of the given Tranſver ſe, &, and F 
from its extreme Points or Limits, 93 
viz. T J, ſet off T f, = F, the Di- 3 


ſtance of the given Focus, (viz. the 
Paint f without, and F within the Sec- 
tion, as before) : that done, upon the 


Paint f (as a Center). with any aſ- - 

ſum'd Radius greater than T 5, de- et 

ſcribe an Arch of a Circle; then ö 
from that Radius take the Tranſverſe * ' % : 
T 8, making their Difference a ſe- 2-: | 7 


cond Radius with which, upon the * * | 
Point F, within the Section, deſcribe another Arch to cut or croſs 
the firſt Arch, as at B; then will that Point B be in the Curve 
of the Hyperbola, by the laſt Propoſition. And therefore it is 
plain, that, proceeding on in this Manner, you may find as many 
Points (like B) as may be thought convement (the more there 
are, and the nearer they are together, the better) which being all 


Join'd together with an even Hand (as in the Patabola) will form 


the Hyperbola requir'd. \ 

There are ſeveral other Ways of delineating an in 
Plans: One Way is, by finding a competent Number of Ordi- 
nates, as by Section 1, &c. but I think none fo eaſy and expedi- 
ditious as this mechanical Way: I ſhall therefore, for Brevity's 
Sake, paſs over the reſt, and leave them to the Learner's Practice, 
as being eaſily deduced from what hath been already ſaid. 


Se. 
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Seck. 5. e 
of an HYPERBOLA, : 


Thc drawing of « Tangnt that wllconch any gi 
the Curve of an Hyperbola, e 
a Theorem ; as in the rr 
Debs whe Trane te Diameter, 
Letþ Lethe Late Rectum. ' 


— 1 Bi a. 


* 


Point in the tha 
verſe cut by the Tan- 


| . 
I if y be given, = may be 
found by this Theorem, IIR 22 
get ray wks by 


Signs. Vide page 377 
Ge Freese . be found by this e, 


£40, Denen up 

Draw the Semi- ordinate b a, "s in the Vigure; and 
an infinite ſmall Space between the two 40 
A 1 . 
ID: L:: Dyby : 1 
s: L:: 7 557 0.48 
e an 


r = 


55 2 L—-DzL-+xxL 
Lis _ n 
3 4 2 — 2 via. PA: 4 as : Pa: ab 


T HEOREM. * 


papa] 


had 


th 


: DAB: : 
mand ey where jd (as in the Fun 


uz: = — * 


Dy L zz-þyy L 
2 — _neb. 


Ky | 


6, 1+, 
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5 | 
6, 11112] JD Les {yy Liz—4 Dy Lz—2yy Le 
1 N Dex 


13 Analogy 14] DD:: Dy: , vis. CA:S4::T4: 4 


DD—2 Ds-+ 2s. — 


if Ee 
1 * 1 N 
fs ES: tj—1d bs 


— — .. "Mp — Q. E. D. 


The Geometrical Effection of the firſt of theſe Theorems is 
very eaſy; for, by the 14th Step, it is evident that there are 
three Lines given to find a fourth proportional Line. [By Prod. 
3, Page 3o8.] 

Scholium. - 


From the Compariſons, which have all along along been made in this 


Chapter, be ne Tiers ade Eg will be 
S a pr 


Coherence that is in oe frm —— % 

thoſe two Figures , but, for the bet- N 

ter underſtanding of What is meant 

dy the Center — fee „ ag od of — = 

Scheme, wherein it is evident _ PF; 2 

by Inſpection) that the oppoſite | h 

by A RS {aq ends. 3” 4 N i 

they willalways have the ſame Tranſ- | \ 

verſe Diameter common to both, c. 

(ſee Se. 1, of this Chap. ). Alſo, that A 

the middle Point, or common Cen- 

ter of the - is the common Center 5 

gy (vgs of the Right-angled Parallelogram, 
And the two 

| which circumſcribes the Ellipfes (or is infcrib'd to the four Hy- 

hbola's) deing continued, will be ſuch Ahymptotes to thoſe Hy- 

Leue a are defined Chap 1, Bd 5 Defin. 4. —_ 


Chap. 4- — Hyperbol =” 


Seck. 6. To draw the AsYMPTOTES of any Hrrzxzok a, e. 


Having found the Latus Rees (by SeR. 2) and the Conju- 
Diameter = I N inits true Poſition, by Sed. 3. Then thro?® 
the Center C of the and the extream Points n N of 
Diameter, draw two Right Lines, as C N and C n, 
:nfin continued (as in the following Figure) and they will be 
the Aſymptotes required. That is, they are two ſuch Right Lines 
of the Birte, rr 
of the dut never touch them. 


DEMONSTRATION. 


the Semi-ordinates a b and AB to be rightly apply'd 
to the Axis T A; and produced both Ways to the A/ymptotes, as 
at /g and FG; then will the A CS N. „ 
be alike. 6 

298 =TC. And L 1 (55 before, 

a W/eiffe. Th e=Ca. 1 
you 125 * the 128927 

4: SN: * a g. viz. C8: 8N ;: Ca: 6g 
| ad : DSN: : : 


1 82 


I 
2 
3 
4 
5 


„8 
7 

g 
9 
10 


| 2 uf 


2 TIM I 

AG + AB = BF , 

222 Pig. 

BE x BG 44h 4 


From the laſt Step it is evident, that the Ihyptotes are nearer 
the Hyperbola at G at g, and conſequently will conti | 
dach to ts Curve: For BF)zdL(=BG isleſs than bf) 
2dL (i b g, becauſe the Diviſe- B P is greater than the Diviſer 
z and it muſt needs be ſo w! :re-ever the Ordinates are pro- 
duced to the es, fron: me Nature of the Triangles. 
* Again ; froi the ch and 16th Steps it is evident, that the 
wptote g can ne er meet and be co- incident with the 
Curve of the Fh *:rbela, altho' both were infinitely extended, 
becauie * 4 LW always be the Difference between the Square 
of any Semi. urdi- 2, and the Square of that Semi-ordinate when 
it is produced to ide Aſymprote. , , ; 
hence it follows, that every Right Line which paſſes 
Center and talls within the Ahmptoter, will cut the Hy- 
; and all ſuch Lines are calPd Diameters (as in the Ellipfes) 


of the Properties of the Hyperbo!a and Elliphs are the 


its particular Latus Redtum and Ordinates; which 
they de diſtinctly handled, and the Effection of all ſuch 
relate to them, as alſo the Nature and Properties of ſuch. 


© Note. od ry Diameter, both in the Ellipfic, Parabala, and 


one 
2 
as 
pure as may be inſeribed and circumſcribed to all the Sections, 
ith the var. ou Habitudes or Proportions of one Hyperbols to 
anyther, Ac.) wonid-afford Matter ſufficient to fill a large Volume. 
But thus much may ſuffice by way of Iacreductien; I ſhall there- 
fore defift purſuing them any farther, being fully ſatisfied, that, 
i what I have already done be well underſtood, the reſt muit. 
needs be very eaſy to any one that intends io proceed farther o 
at Sabject. 8 | | ON | 


AV > 
| nr ODUCTION 
10 THE 


MATHEMATIOKS 


*» 


n 


HE Method of finding out any parti 
either 


1 See s, or COLD) by a Aw 


If any Series of equal Numbers (repmlenting Lines or ether 
Quantities ( as, K. 1. 1. 1. Sr. or 2. 2. 2. 2.&c.or 4. 3. 3. 3. 
Sc. if one of the Terms be multiply'd into the Number of 


Terms, the Produ& will be the Sum of all the Terms in the 


This js fo rey plans and eaſy io be undriood ot it 
neces Ry * 
in LEMMA IL 
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Then will NL=28. Conſequently, 4N L = 8. 


viz. one Half of ſo many Times the greateſt Term as there are 
Numbers of 'Terms in the Series. 


o-H1+2+3+4 10= the Sum of the Series = 3 N L. 


erte "20=NL. 
ays be ſo, how many Terms ſoever * 
are, by G. Is — gr 185. 


LEMMA . . 
if a Series of Squares whoſe Sides or are, in Arithmetick 
Progreſſion, beginning with a Cypher, &c. (as in the laſt Lem- 
ma} be infinitely continued; the laſt Term being multiply'd 
into the Numbers of Terms vill be Triple 0 the Sum of all 
the Series, viz. NL L = 38, or N LLS. 


That is, the Sum of ſuch a Series will be one Third of the laſi 
— Seven ſo many Times repeated as is the Number of 


Inflances in Square Number 
a- 1 


4+4+4 12 3 12 
== n 
2. 


— 
g+9+9+9 30 18 3 18 
— . 


——— — 2 Ee. 
16+16+16+16 ᷣ 80 8 24 3 24 

From theſe Inſtances it is evident, that as the Number of Terms, 

in the Series does increaſe, the Fraction 8 


decreaſe, the faid Exceſs always being g -g which, if we ſup- 
— Series to be infinitely continued, will then become infi- 
a fmall, viz. in Effect nothing at all. Canſequently, 2 NLL 
— 4 taken for the true or perfect Sum of ſuch an infinite Series 


of Squares. 
LEMMA IV. 

Wo Riſes of Coun vr pe Ra OR 
beginning with a Cypher, c. (as above} be be infinitel conti- 
nu*d, the Sum of all the Series will be 4 N LLL 
That 1s, one Fourth of the laſt or greateſt Term fo many 

Times repeated as is the Number of Terms. 
Inflances 


* 


27-+27-+27-+27 108 14 4 12 
— 100 10 5 11 
2. 


— — — — — 4 — 
64+64+64+64+64 320 32 16 4 16 
o+ 1+ 8+ 274+ 64+125 _—_— Ä 


125+125+123+125+125+125 759 150 10 20 4 
rom theſe it plainly appears, that, as the Number 
of Terms in the Series increaſes, the Fraction or Exceſs above £ 


decreaſes, the Exceſs being always N — z which, if we ſuppoſe 
the Series to be infinitely continued, will become infinitely ſmall, 
or rather nothing; as in the laſt Lemma. uently, 5 NI. 
LL may be taken for the true and perfect Sum of all the Terms 
in ſuch an infinite Series of Cubes. | 


* 
— 
20 


LEMMA V. 


If a Series of Biquadrates, whoſe Roots are in Acithmetick 
beginning with a Cypher, Sc. (as before) be in- 

finitely continued, the Sum of all the Terms in ſuch a Series 
will de NL *. A 


The Truth of this may be manifeſted by the like Proceſs as in 
the 


regoing Lemma's, and ſo on for higher Powers. But if any 
one deſires a farther Demonſtration of theſe Series, he may (I pre- 
ſume) meet with ample Satisfaction in Dr. Wallis Hiſt. of Algeb. 
Ch. 78 & 79, wherein the Doctor concludes with theſe Words: 


Thus having ſhewed, that in the of Laterals (or 
« Arithmetical Proportionals) beginning at o. the Sum of 2. 3. 4. 
© 3.9 To & 0 0 ye ſo many times eat- 
« eft; and there being no Sn 
ec then doubt it in a of 7. 8. 9. 10. Sc. we conclude 
ce it fo to be, tho? ſuch Number of Terms be ſuppoſed infinite. 
„ Again; ina Progreſſion of their Squares having ſhew'd, that 
12. 5.6 Terms the Aggregate is always more than one 
* Thi ſo many times the rere, and the Erreb ahray fch 
ce iguc* 


9 . 
goo The Arithmetick of Infinites. P. V. 
« ali Pa«t of the greateſt, as is denominated by fix times the 
« Number of Terms, wanting 1. (As, if the Terms be 2, 
« it is 3+þ; if three, it is 74:7 5 if 4, it.is -E; if $, it 
« is 1+; of ſo many times the greateſt Term, and fo 
«« we may well concſude (there being no Pretence of Reaſon 
«« why to doubt it in the reſt) that it will be ſo, how many ſoever 
« be ſuch Number of 'Terms, And becauſe fuch Exceſs, as the 
Number of Terms do eneitaſe, will become infinitely ſmall (or 
« lefs than we conclude (from the Method of Ex- 
« hauſtions) if the Number of Terms be ſuppoſed infinite, 
« ſuch Exceis muſt be ſuppoſed to vaniſh, and the Aggregate of 
« c 
« the greateſt. 
« la like Manner having proved that ſuch Progreſſion of 
&« Cubes doth (as the Number of Terms encreaſe) approach in- 
c finitely near to ot ſo many 1 ————— 
tc drates 3 
| teſt, onwards as we pleaſe to tty ; — 
. 2 r the reſt, we may 
6 * whe ix ay © felllciont Diſcovery, that (univerſal pay ne Agape: 
te of fuch infinite Progreſhon is equal (or doth approach in- 
nitely near) wag * — 2 2 greateſt, as 
cc js denominated by t ponent (or Number Dimenſions) 
« of ſuch Power 2508 to which the Progreſſion 
« is made} encreaſed by 1. namely, of Lateral 1; of Squares þ 
« of Cubes ; of Biquadrates þ ; (of ſo many Times the great- 
«« eſt) and fo onwards infinitely.” 


| This Diſcourſe of the Dafer's 1 thought convenient t6 inſert, 
ſuppoſing it may give ſome Satisfaction to the Learner, to hear ſo 
Great a OS Dr. Wallis Argument about the Truth of theſe 
. 22 


en 
ber of Terms (whether Finite or Infinite) it will always 

& s the firſt Term of one Series: is to the firſt Term of the 

Le other Series:: ſo is the Sum of all the Terms in the one Se- 
ries : to the Sum of all the Terms in the other Series. 

ts 6.59 


35 * 42 577 24411 
1 f ; 1 
n 
F 
if 1 161% ith 
HE : TE 1111 
as 4 27 2 | 3 222 . 
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fill up a Superficies. And all the Superficies of thole i thin 
or divided Leaves of Paper will become ſuch a Series 2 
or Superficies, as are ſaid to conſtitute a Solid, viz. fuch a Solid 
as the Bigneſs and Figure of that Book. 

— 142 74 and Solids, 
one may, without the ejudice to any Demonſtration, admit 
of the Definitions and Theorems. 


Drixrrioxs. 


1 The Areas of Squares, and all other Parallelograms, are 
compoſed billed up with an nie Seri of qual Right Lines. 


II. The Area of every plain T is compoſed of an infinite 


Series of Right Lines parallel to its „and equally decreaſing 
until they terminate in a Point at the vertical Angle. 


III. The Area of a Circle may be compoſed either of an infi- 
nite Series of concentric or parallel Circles, or of an infinite Series 
of Chord Lines parallel to its Diameter, or of an innumerable 
Multitude of Sectors. 


IV. The Area of an Ellipi may be compoſed either of an in- 
finite Series of Ordir ates rightly applied, or of an infinite Series 
of Right Lines parallel to 115 Tranſverſe Diameter 


V. The Areas of the Parabs/a and Hyperbola are compoſed of 
an infinite Series of Ordinates ; or may alſo be compoſed of Right 
Lines parallel to its Axis, c. 


VL A Priſm is a ſolid Body contained or included within ſeve- 
ral equal Parallelog its Baſe or Ends equal and alike ; 


rams, having 
and it is generally named according to the Figure of its Baſe : 
T 


A Cube (or Solid like a Dye) is a Priſm bounded or in- 
ſix equal ſquare Planes. | 


PII. A Parallclopipedon is a Priſm that bath its Sides bounded 
or included within four equal Parallelograms and two ſquare Baſes 
or Ends. 


IX. A Cylinder (or Solid, like a Rolling-ſtone in a Garden) is 
orly a round Priſm, having its Baſes or Ends a perfect Circle. 


X. The Sol dity of every Priſm is d of an infinite Se- 
rics of equal Planes, parallel and alike to that of its Baſe. 4 


XI. A Pyramid is a Solid bounded or included within ſeveral 
r having their verti- 
cal Angles all together in a Point, called the Vertex, and 
takes its Name from i Figure of its Baſe, viz. if it has a ſquare 


n ; if a triangular Bale, 2— 


XII. A Cone is only a round Pyramid, which hath been al. 
ready defined in Page 361, Sc. 


XIII. The Solidity of every Pyramid is comipoſed of conſtitut- 
ed of an infinite Series of Planes, parallel and alike to that of its 


Baſe, equally decreaſing umil they terminate in a Point at the 
Vertex. 


XIV. A Sphere or Globe, (viz. a Ball) is a Solid bounded or 
included within one regular Superficies, being formed or gene- 
rated by the Rotation of a Semi-circle about its Diameter (called 
the Axis of a Sphere) and its Solidity is compoſed or conſtituted 
of an infinite Series of concentric Circles, whoſe Diameters arc 
the Chords of that Circle by which it was formed. 


— A es oo Egg-like Figure) is a Solid bounded wit! 

perficies, formed by the Rotation of a Semi-ellipſis 
_ its — — Diameter (called the Axis of the Spheroid) 
ard its Solidity is conſtituted of an infinite Series of concentric 
Circles, whoſe Diameters are the Ordinates of that Ellipſis by 
which it was formed. 


XVL There is another Sort of Solid called an Oblate Spheraid, 
being formed by the Rotation of an Ellipſis about its Conjugate 
Diameter, and it is like a flat Turnip. 6 


XVII. If a Semi-parabola be turned about its Axis, it will form 
a Solid called a parabolic Conoid, being compoſed or conſtituted 
of an infinite Series of Circles, whoſe Diameters are 2 Ordinates 
ol a Parabola. 


XVIII. If a Parabola be turned about its Baſe, or greateſt Or- 
dinate, it will form a Solid called a Pyramidoid, but moit com- 
monly a parabolic Spindle which will be conſtituted of an infinite 
Series of Circles whoſe Diameters are Right Lines parallel to the 
Parabola's Axis. 


XIX. If an Hyperbola be turned about its Axis, it will form a 
Solid called an Hyp-rbol'c Conoid, being conſtituted of an infi- 
nite Series of Circles whoſe Diameters are the Ordinates of the 


Hyperbola. 


Fp ff 2 | XX. Th- 


o 


XX. The curve of all circular Solids (yiz. Cylin- 


_ 2 8 inſinite Series of 
the Peripheries of thoſe Circles which conſtitute their Solidities. 


Upon theſe Definities are grounded all the following Theorems ; 
and therefore, if they were diligently with their re- 
ſpective Figures, it muſt needs be of great Help to the Learner, 
and would render all that follows very eaſy ; wherein I ſhall be- 


22 hence on; Acres. by way of intro- 
ducing the reſt. * 


THEOREM L 


The Area of every Rig Parallelogram is obtained by multi- 
plying th into its Breadth. 
That is, BD X F B = the Area of the ParallelogramBD FG, 
by Lemma 1, compared with De. #7 G- 
finition 1. _ — 
Wa — 3 
Prampe — 
Suppoſe BD 26, and FB = 9g, — — — 


then 26 X 9 = 234 the Area. 8 
See Prob. 1, Page 339- 


THEOREM II. 


The Area of every plain Triengle is equal balf the Area of its 
_ circumſeribing Parallelogram, That is —.—— the A- 
rea f AB C D, tn the following Figure. 


DEMONSTRATION. 


Suppoſe the Perpendicular 6.4 OI» into an * 
Number of equal Parts, as at the 


Points 4, a, a, &c. and through 
thoſe Points there were draun 
Right Lines parallel to the Baſe 
BD; (viz. bad, bad, bad, &c.) 
then will thoſe Lines be a Series 
of Terms in Aru hmetical Progreſ- B A D 
fion beginning at the Point C 

(viz. o, b,d,2 b d, 3 b d, &c. as is evident by the F; 

BD is thegreateſt Term =L, and ome Arabs. dn 


2 


But4N L'=8, by Lemm 2. Ami 5 = the Trizvgle's 
Area by Definition 2. Q. E D. 


2 LA BD = 26, CAS g as above; then 
PE=9=17,of Xg = Or thus 26 X f = 117 the 


Ares required. [See Problem 3, Page 330.] 
. THEOREM m. 
The Peripheries of Circles are in Proportion one to another as their 
7 Diameter are. 


8 
_ DazMONSTRATION. 


8 Circle be divided imo any Number 
hes by Right Lines drawn 
Gans uy. Hy —— 


Cn "allo be divided 
into 8 equal Arches by thoſe Nadii, 
one whereot will be 2 , and the A Cab 
1 There fore 
426 CA: 43, or Ca: C4: : 23: AB, 

4: :8 25: 848 But 2 C4244 the Diameter 
of the Ciie, wn is 8 450; and 20 g DA, the 


Diameter of the Circle, whoſe Periphery is 8 A B. Therefore, 
&c. 25 by the Theorem. Q. E. D. 


Example. 
In Chapter 9, Part III, it was found, that, if the Diameter of 


a Circle be 2, its Periphery will de 6,2831853, Se. Therefore, - 
2: 6,2831853, Cc. :: 1: 3 The Periphery of the 


Hence it follows, that becauſe Unity, or 1, may be made the 
frſt Term in the Proportion, therefore 3,14159255, Ce. may be 
made a conſtant or ſettled Factor; which, being muliiplied into 
avy Diameter, will produce the Periphery of that Circie. 


ate, Inſtead of 3,14159265, Cc. it may be ſuſſicient io take 
only 3,1416. 


Or, 
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As 7:22: : Periphery 
& 53730 N. NN 


THEOREM VV. 


The Area of any Sector of a Circle is equal to 
CEE 


bolf the Reviangic 


of the Radius into its Arch. That is,. = the Area of 
ACB. 

DEM@NSTRATION. 
Suppoſe the Radius C A to be divided into an infinite Series of 


equidiſtant Points, as a, e, y, &c. and 
through thoſe Points there were draun 
concentric or parallel Arches, as a 6, 
d, y f, &c. then they will be a Se- 
ries of Arches in Arithmetic 
fion, beginning at the Point C (viz. o, 
PII 
, the greateſt Term is 
AB = L, and Number of Terms is C 
N. But NL = S the Sum of all 
the Series, by Lemma 2, and & the Sector's Area, by Defi- 
nition 3. Q. E. D. 


Let the Rades C4{=12, and the Arch Ast, then 2x0 


= or 4 X 8 = or T X 12 the Area of the 
Sede A Ch. * me 


THEOREM V. 


The how of yd bee) he nag the Radius 
a ry. ke od Je oy, to Arc 4 Circle 
lee ä whoſe Sides containing the 
Rig -angle are equal, to the Radius, and the other to the 
Perimeter of that Cirche. "Wis de Dimenfione Circuli. 


The Truth of this Theorem may be eafily deduced from the 
laſt thus; If we fuppoſe the laſt Sector to be one Eighth-part of a 


Circle, then it follows, that as an = 44BXC4 will 


be the Area of the whole Circle. But 4 AB == half the Circles 


— and C A= half its Diameter; therefore, &c. as per 
Q.E. D. 


k. 


* h 1toS fi . 
If the Diameter be Unity, or 1, the Periphery will be 1,141 59265 
Sc. by Theorem 3. Then 274759305 X 4 = 078539816, 
Sc. (or 0,785 4 for common Uſe) will be the Area of that Circle. 
| Scholium. 
From hence naturally flows the following Proportion between 
the Square and its inſezided Circle. 
As the Perimeter (viz. the Sum of the four Sides) 


Proronrion. Ag Square : is to its Area : : fo is the Peri- 
phery of the inſcribed Circle : to its Area. 


D: DD:: 3,1416D: 0,7854 DD=the 
Cucle's Area. AudifD=1; then 4 D 
A und DD=1X1=1; andthe N ? 


riphery will be 3,1416. Then 4:1:: 1 B — 
0,7854 &c. as in the above. 


And from hence may be eaſily the following Theorems. 


THEOREM VL 


The Area's of all Circles are in Proportion one to another as the 
Squares of their Diameters. (2. e. 12.) 


For if D= the Diameter,of one Circle, and d= the Diameter 
of another Circle, then will 0,7854 DD be the Area of one Circle, 
and 0,7854 dd will be the Area of the other Circle; as above. 
But 0,7854 D D:0,7854d4d:: DD:dd. Or thus, let D 
the Diameter, and P= the Periphery of one Circle; d = the 
Diameter, and þ = the Periphery of another Circle ; 


Then 1 |[+D X4 P=3 DP=4, the Area of one Circle. 
And | 2 | + 4X 4 p=4 dp==, the Area of the other Circle. 
1x43 [DP=44 (per laſt Theorem. 
2x 4 4 44 
| 28 
2295 a 


4724 
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2 * 
: 4 


7] P: p::D: 4, per Theorem. 
24 
8 Meet b 
3 | 4 DD a= 4dd 4, that i, DDe=dd 4 
10 DD: 4:: dd: a, or 4: a:: DD: dd 
— Q. E. D. 


Corollary. 


becauſe the Square of 1 is 1 (vive, 
16, Oc. or 0,7854 is the Area of the 


a8 

10,7854 :: fo is the Square of any Circle's Diameter: to its 
Area. And becauſe 1 is the firſt Term in the Proportion, there- 
fore 0,785 4 may be made a. conſtant Factor; which, being mul- 
tiplied into the 3 Dioab ater, will raters the 
Area of that Circle. 


Nate, The four laſt Theorems. do plainly ſhew the Reaſon of 


all the common or practical Problems about a Circle, which, for 
the Learner's farther Satisfaction, I baye here inſerted together. 


as before. 


| of any propoſed c, 


| Probl. 1. D being given, to find P. 
2 | 1: 3,1416::D: P, per Theorem 3. 
CP YFY | 3-141 4 

| ppoſe D= 32. Then 3,1416X32=1 12 
— — 3 32100, 53 


—_cG 


i | Probl. 2. D being given, to find A. 
1: 0,7954 : : DD : 4, per Theorem 6. 


Examp. | 
Then 
And | | Probl. 3. P being given, to find D. 
a | 5 | Mos P _ becauſe rrbry =0,3105 
: = 3.1416 therefore 0,3183 P = D. 


| This being only Converſe to the i ſt. needs no Exam. 


—— 


2 @&- 2 


| Prob. 4. P being given, to find 4. 
2 @&* | 6| 986966 DD= PP 
| 6—= | 5 ag gee = 1013 PP=DD | 
4 — | 8} D D= ——, 
8,7854 
For = 
3 1 | — — A 
7» 8 9 ee bee 1,2732 


or 1,7324 2 0 D 


1% hn. 4 
Prob. 5. A being given, to find D. 


— 11 D=v/ 57 or DS 12732 A 


Prob. 6. A being given, to find P. 
, 

ihe | i; | OE r 

12 w* | 13 Fr IONIC 


But if it be required to find the Area of any Segment, or 
of a Circle cut off by a Chord, that Work will require a farther 
Firft, As to the Dat there muſt always be given the Diame- 
e ener he ; Area of the Circle, in order io 
the Di . 


. 
11 
a 


14 


Tar 
2 


| 


3; 
1 


Q 
00 
* 


Let there be given DA = 32. as in 


Prob. 1. n 


then + DA BC = . 


CA— AF = CF = 10. 'S 7- 
—OCF=OBF. 
/ OBC—OCF=BF, viz. 7756 
= 12,49 = BF. 
the Doctrine 222 
Arch B 4 = * . 
de found in 


ma 
Degrees. 


As the Circles in De 
Viz. | Parts (according to the 


+ The Arithmetic of Inte "Part V. 


| Ecample in Numbers 


2 


Parts. Thus BC: 1 * . Sine <BCF = $1gr 
And then it will always hold in this 


s: is to its in 
. is 


the Arch in Degrees (viz. BC: to the ſame Arch in 


Parts. 
That is, 360® : 100,5312 :: of 
14,3284 X 16 = 229,2 


8 
75 ns hs 


and 12, 49 K 1021 24,9, t * Their Difference 
104, 3544 = the Area of the Segment B AG. 

Or the Area of any Segment may be otherwiſe found (as moſt 
uſually it is) by a Table of the'Segments of a Circle, whoſe Aves 


1 The Conſtruction or 


which he pe in this Problem. 


making of ſuch a Table is 
very well laid down in Mr. Darie's Book of Gauging, Chap. 9. 


PROBLEM. 
In a Circle whoſe Area is Unity, and its Diameter cut by Chord 


| Lines into 1000 equal Parts, to 


find the Segment to any verſed 


Sine profaſed, not exceeding 500 of thoſe equal Parts. 


FS. product from an Unit or 1. 


1. Multiply the verſed Sine propoſed by 0,002, and fubfira8 


2. This Remainder you ſhall ſeek in the common Table of na- 
tural Sines, (the Arch being divided into Degrees and 
which being fourd, let its Sr be doubled, and called £4. 


3. You muſt nd the correſpondent Sine to 4; which Sine being 
found, you may call , and then it holds 6,2831853) 0,017453 


2925 4 — $ (= the Segment required. 


Now 


applied toSdperficiesand Solids. 4 

Now this Segment being thus found, if you ſubdu@ it from an 
Unit, you have the Ca- ſegment, & c. 

Note, Notwithſtanding what has been ſaid in the ſecond Pre- 
cept es often falls out that the Remainder 
there ' ſpoken of cannot be truly found in the Table of natural 
Sines ; therefore in this Caſe my Advice is, that you make two 
Operations, one with a Sine the next. greater, and one with a 
Sine the next leſs, and in ſo doing you will be ſure to have the 
Segment r 
Operations. 


9 Let it be propoſed in find the render een th 
verſed Sine 263. 


Firſt, 263 X 0,002 = 0,526, and 2 its 
Arch is 28, 29 being leſs than juſt; its Complement is 61% 71, 
which, being doubled, is 123-g2=4. 


Then 0,174533 #= 20S ns. 
wu —0,8346556 & the Sine of 4. 


853) 1, the 
6,2831853) 1 14319430686 | 2 Segment. 
263 being multiplied en 15 _ and 1—526=0,474 its 
Complement is 


Arch is 280, 30 being greater than juſt ; and its 
619,70, which being doubled is 123, 44. 
Then 0,01 74533 A= 21537372 

— 08345478 S the Sine of X 


$ 0 the 
_— 1,3788894 (0209907 - 


two Operations that the Segment is bound- 
ed, and it is very probable it may be 


5- 
„ F aQor, wad dis large Divike, [ 


ſhall here inſert two Tables 3323 ready for Vie, 
and exaQt enough too. - 


Thus far, Mr. Darie, which LI have 
here inſerted to ſhew the Learner how, 
by the Helpof theſe two Tables, and 
a Table of Natural Sines, he — 

eaſily make 'a Table of Segments 
whoſe Uſe ſhall be ſhewed farther 
on, viz. when I come to treat of 

ical Gauging, In the mean Time 
1396263 5 ſhall here 3.9" down another Method 
1570798 to find the Area of any Segment of a 


88662 Circle 
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8 r 
10. 8 


R=the Radius, or + Diameter of the given Circle. . 
Viz.Lety d = the Difference between the verſed Sine and Radius. 
C = half the Chord of the Segment's Baſe. 


THEOREM. (nn Ox C, the Area of the Segm. 


Example, Suppoſe R =B C= 16, d = FC = 10, and 
C=B F= 12,49; as before. 
Then 24 RR = $97,3333- 14 Rd = 213,3333. 4 = 100 
— 313-3333 =1 4 K4 + dd > 


11K ＋ 4234 7 8,3529. rs 8,3529 * 12:49 
= 104, 3276 the Area of the Segment B A4 G, 4 


THEOREM vn. 


As Squares are to the Areas of their inſcribed Circles, ſo are Pa 

rallelograms to the Avtan of ther ſeries Elie 

| As the Shuare of the Diameter of any Circle : is to its 

* : ſo is the Rectangle of the Tranfrerſe and Con- 
jugate Diameters of any Ellipſa: 22 


DEMONSTRATION. 


Circumſcribe any Ellipſis with a Circle; and ſuppoſe an infiniie 
Number of Chord Lines drawn therein, all parallel to the Conyu- 
gate Diameter, as thoſe in the annexed Figure; then it will 

| Dian the Diameter 72 Cirele : 4s to(N n) the Conjugate 
be 


Diameter of the Ellipfes : : ſo is (B AB any Chord in the Circle 


ta (b ab) its reſpettive e in the Ellipfe. 
For * to the the N 
5 f _ Fn, 
XT = Ba . a; b hd 
5y the Property of the Ellip/is | Py . 
21 _TC:ONC::TS—TAXTa:i bs — 14 } 
N: UN:: C4. T7 1 * 
C: NC:: Ba: ba 5 e 


TC: 2NC $8 ihe 2 ba % \ ; 7 


But the Sum of an in Series of fuch Chords, us B « Þ,. do 
conſtitute the Aren of the Circle, by Definition 3: nd oe fm 
of the like Series of their hate Ordinatts, 55k, do conſti- 
tute the Ellipf”s Area, by Definition 4. Therefore D : & : : Gr 
cles Area: Ellipfe*'s Area, hy Lemma 6. But D: d:: DD: Le 
Whence it follows, that B D: Circle's Area : : Did : 

Area. Q. E. D. Conſequently, as 1: ese doe 
Rectangle or Product of the Tranſverſe and Conjugate Diameters 
of any Ellipfis : to its Area. 

Example. Suppoſe T $=36. and Nn—=16; 1 
2 Ellipfs. 

* 


= — 


1. Hence it is to conceive, that the ſquare Root Root of the 
ReQangle or of the Tranſverſe and conj | 
will be the Diameter of a Circle whoſe Area 


44 or T : Nu: : Area Segment B NB: Area Segment 
bNb, 


THEOREM VIE 


— * Area : Ellipſis's 
— But DD: Dd::Dd:dd. 
Therefore Ellipſis's Ares : inſcribed 
Cirele's Area; : Ds: dd. By Theo- 


rem 6, 


In 
Example. Let TS =D = 36. and Ny = [= 6, 25 before 3 
then 3 and dd = 2<6, 


Then 
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X 07854 = 101 17,8784 the great Circle's Area 
Then will S 201,064 the leſſer Circle's Area. 
= the Ellipfis's Aren; then, 3 the Theo- 


according 
2 oe” oi 184 : 4: : 4: ws" ang 442 
017,784 X 201 24 = 204657,0740121 ar ee, 
e the Area of the 1 


ther as the Areas of the 
Circle : Area of 


Ne: TS: oe eee. a Seqpaent B 


THEOREM IX. 


Ald Content Priſm (what Figure ſoever its Baſe is of 


For Inſtance, a (or ſquare Priſm) is conſtituted 
of an infinite Series of eq —_— that of „ #F 6 
its Baſe B Aba being one of the Terms, and its 


Height D B, or G A, the Number of all the 
Terms. Conſequently, the Area of B Ab a N — 2 | 
D B = the Sum of all the Series (by Lemma i 
x.) which is the Solidity of the Parallelopipe- - [7 

don D BG A, by Definition 10. 


A 
i ſe the Side of the Baſe B 4 EE. 
= 16 and the DB= 42; then will ' : C_ {} 
— 8 the Area of the Baſe, and : 
256 X 42 =1075A the Solid Content of the : M0 
Pavaliclopipedon B B G A. . —.— 5 

In this Manner you may find the Solidity of all regular 

nous Prifms, whoſe Baſes (or Ends) are parallel = yo . 
Form ſoe ver they are of, that is, whether .. 
Pentagon, Hexagon, or Odlagons, &c. 


THE O- 


 / - applied plied to Supe and Solids. 4 5; 
THEOREM XX 


is the third Part of the Pri 
ne ll po 


That is, the Solid Content of the Pyramid BY A (in the laſt 
Figure) is one third of its circumſcribing Priſm DB G 4. 


DEMONSTRATION. 


For every Pyramid that hath a ſquare B Aba, in the 
| rer 2 
Sides or Roots are i encreaſimg in Arithmetic 

beginning at the Vertex or Point / (See Theor. 2.) its Baſe BABa, 
deg the granted Tway(= £1) endl its gerguncieuter Ut rc, 
or D B, is the Number of all the Terms = N but —- =8 


the Sum of all the Series, by Lemma 3, and 5 = the Con- 
tent of the Hramid B Y 4, by Definition 13. 

| r a Pyramids Baſe be B 4 = 16. 
and its Hei CSA. Then 16 X 16 = 256 the 4 
of its Baſe B AB, and 254? = 3584, Or — * 42 


= 3584 or thus, 256 X .; = 3584, is the Solidity of that Py- 
ramid B Y A. * 


of equal Circles; that of its Baſe or End be- 
ing one of the Terms, and its Height B O is 
the Number of all the Terms. Therefore 
the Area of its Baſe B 4, being multiplied 
into D B, will be its Solidity, Ja 

dis. Let DO = BA, and HS GA Then 3 
0,854 DDXH = its Solidity. 


The Azithmetie of Iafiaites Part V. 


Let the Diameter of its be. Das uh, and its 
42. Then x : 07854: * * 16=256: 2010624 


Area of its Baſe. And 2010624 X 42 = 8444-6208 the 
3 WE. 


Hence it is evident that every ſquare Porallelopipedon is 


inſcribed Cylinder, as 1: is to 0,78 Or in whole 
that all Priſms 
the 


THEOREM XI. 


The Curve Super ficies of every Right i Ad rb hn ReA- 
angle made of its Height into the Frripbery of its Bafe. 


That is, DB, multiplied into the * of Os ny 
BA, will produce the Curve Superficies of the laſt Cylinder D B 
G A. For the Cylinder is conſtituted of an infinite Series of equal 
cn - np v7 drapes rt 

rficies is compoſed of the Peripberies of thoſe Circles, 

Siem 20. Dr fin Bf Bk eee of boom, 
rern Therefore, c. 
344 To which, if there be added the Areat of both 


Sum will be the ies of the whole 
> = Supethicies 


the Diameter of its Baſe to be BA = 16, 


and its DB= 4 as before, then 1: 3,1410:: 16: 
1 its Baſe. in, 1:0,7854:: 16 x 16 
= 256: 201,0624 the Area of each End or Baſe. 


Then 50, 2656 K 42 = 2111,1552 the Curve Superficies, to 
which add 201,0264 X 2 = 408-228 both the End Areas. | 


— is the Superficies of the 


THEOREM xn. 


Cone is the third P. „ baving the 
_ cas ID (to. e. 1 155 


DzMor- 


applied to Superficies and Solids. 415 
DzMONSTRATION. 


ruth of this Theorem may be eaſily conceived by only 
ng, that a Cone 1s dat = round Pyramid, and therefore i 
— the f fame Ratio to its circuraſcridiog Cylinder 2s 
r 
However, e 


Truth 


— i Fi 
Example. ne Baſe SES 
be B e 16, and its Height / C = 42 


Then 12 0,7854 ::16X 16 = 256: 201,0024 the Area of the 
Baſe; and — = 2814,8736 the Solidity of the Cone 


BV 4. wo 7 = 2814,3736, &c. 
* : R 


Corollary. 
Hence it follows that every ſquare Pyramid is to its inſcribed 


Cone 25 1: 0,7854. (Or as 452 : 355) conſequently, that all 
Pyramids have the ſame Ratio to their inſcribed Cones as the Arca: 


of their Baſes have. 


THEORE M XIV. 


The Curve Superficies of every Right Cane is equal to half the Rect- 
angle of the Feripbery of its Baſe inta the Length of its Side. 


The Truth of this Theorem is ſelf-evident from the Definition 
2 a Cone, Chap. 1. Part IV, where it appears that the Curve 
Superficies of every Right Cone (as EVA is equal to the Area of 

a Sector of that Circle whoſe Radius is the Side of the Cone (FB ) 
od Arch equal to the Periphery of the Cone's Baſe (B 4). 
But the Area of any Sector is equal to half the Rectangle of the 
Radius into us Arch, by Theorem 4 Thereleve, &c. 

b 


Exam- 
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Example. Suppoſe the Length of the Cone's Side to be VB, or 


A= 42,7551, and the Diameter of its Baſe, viz. BA= 16 
(as before) then will 50, 2656 be the Periphery of its Baſe, and 


| CE = 1074-5553, Ec. the Curve of the Super- 


ficies ; to which if there be added the Area of its Baſe, the Sum 
will be the Superficies of the whole (viz. al the) Cone. 
That is 107495553 
+ 201,0624 the Area of the Baſe. 


Som 1275,6177 is the total Superficies, &c. 
Note, The Truth of this Theorem may be proved from the Conſo- 
W „ and Definition 20. 


Scbolium. 


Paid the 10th and 13th Theorems may be eaſily deduced ſe- 
veral Theorems tor finding the folid Content of any Fruſtum or Part 


either of a Pyramid or Cone, cut b 2 plain Parallel to its Baſe. 
Suppoſe a ſquare Pyramid, as B VA, to be * 
cut by a Plane at 6b, parallei to its Ba A. : 

1 
/ | \ 


B B., n 
dity of the Fruffum or Pa rt 4 5 AB; let 
there be given D = B A the Side of the 
greater Baſe. d = 5a the Side of the lef- 
fer Baſe, H= C the perpendic 
Height. | | 


* 


P A 
Fiſt, Dd: H:: 4: —— =/ Cy the Figure. 
Then | 2 Pot = = the whale Prams BA 
| | By Theorem 10 
Ard | 3| dd XV C = the Pyramid a V b cut off. 
DDDH 
4 +| {= —= the whole Pyramid BY 4 
12 
1 | e = the Pyramid V 6. 
4—$} 65 E the Fruſtum ab A B. 
N 7 "DD+Dd+4&d NK; H= the Fruſtum 45 B. 


Which in Words gives this — Theorem. 
THE O- 


applied to Superficies and Solids. 419 
THEOREM XV. 
Ts the Reflangle of the Sides of the two Bales, add the tus of toi 


Squares; that Sum, being multiplied into one third of the Fruſ- 
tum”'s Height, will give its Solidity. 


the Side of the greater Baſe BA=16 and 
the Side of the leſſer Baſe (or Top) ab = 12 the Height CP q. 
Then 16X12 = 192. 16X 16= 256. and 12 X 12 = 144- 


Next 192 +256 + 144 = 592. and . 1776. Or 592 


X 3 = 1776 the Content of the Fuſlum of a ſqvare Pyramed. 

And if it were the like Fruſſum of a Right Core, it may be 
found by the fame Theorem. D = the Diameter of the 
greater Baſe, d = the Diameter of the leffer, and H = the 
Height of the Fruſlum, then the Sum of all the Squares which 
conſtitute the Fruſſum of a ſquare Pyramid, are to the Sum of all 
the Circles which conſtitute the like . of a right Cone, in 


the Ratio of 1: to 07954 65 of 452 : to 355) therefore it will . 
be 1_: 0,7854 :: DD + TF4dxX*\H:oq DD 


+ 
0,7854 D« 54a Dd + 857855 4d X Z H = the Cone's Fruſtum, that is, 
in the laſt Example, 1: 0,7884 1 £770: 13948704 the Lke 


Feulturn of © right Ola: Or becauſe == = == 1,27 3236, Se. 


Therefore it may be made 1,2732360 DD + Dd -+ da X 2 
S dhe fame Fruffum ; that is, 1, 73236) 1776 (1354, 7, Ee. 
as betore. And if you take the Teide ot this Divitor, 9. 


1, 273236 X 3, it will be 3,197 DD * X FH (= 
the Fri hum, IC. 


Again, 
Suppoſe | 1}; x = D—8, . ee 
Then DD+-Dd--dd = = = E by the 7th Step of the laſt 
163 n 
37 
. 4 a 
LAI Dd = — ' xx, or Dd +1 xx== *. 
it 
S HG Dd+* xx XH = F the Fruſlum ab B. 


Hence we have another 


eaſy Theorem for finding the ſame 
Fruflum. | 
| Hb 2 THEO. 
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THEOREM XVL 


— of the Sider of the two Baſer, odd one third Part 
of the Square of their Difference ; that « um, being multiplied into 
the Height, will produce the Solidity. 
| Example. Let D = 16. d = 12. 22 22 as before ; 


then D#= 192. D—d=4z=z. *uo=*Z4 = 5,334, 


9997 the Solidity of the Fruſtum of the ſquare id, as before. 
And 3,81968) 1775,9997 (139487 &c. the Fruſtum of a 
right Cone, as before. 


Either of the two laſt "Theorems 


2 


(being rightly 
produce the true ſolid Content of all Fruſtume of any kind of 
ramids, that are intercepted between two parallel and alike Planes 
or Baſes : as above. 


But if ſuch Fruſtums are cut through the Extremities rub 
Baſes by a Diagonal Plane (as A in the 


annexed Figure) mo 1s Fr, fs þ 


= lr into tuo 
Parts, and adding one of thoſe fe Pare 
to the Square of each Baſe. Thus, 
DD FTD7X+H = the great Hoof 4 Bb, and TFT 
= the lefler Hoof Au of the Fruſtum of any ſquare Pyramid. 
15 7% 2 Z Da x H (=) the greater Hoof of a Cone. 
And 3,8197) dd X H (=) the leſſer Hoof, &c. 


Bus eee Derie, in his 
Book of Gauging, and are pretty near the Truth, but not ex- 
atly fo ; for they give the Solidity of the upper Hoot 4a 5 


a fmall Maucer too big, and the lower Hoof 4 N 6 as much 10 


Now, in order to reQify that ſmall Error, I ſhall here propoſe 
the two following Theorems, which come very near the Truth, 


and are more eaſily performed than thoſe propoſed in the firſt Im- 
preſſion of this Book. 


, | 268 Fiſt, 


applied to Superficies and Solids. 421 
Fiſt DDTiDd FD—Ix + H will be the Sclidity of the 

greater Hoof A Bb. 
D x + H will give the Solidity 


Secondly,” dd + + De + 
— Hoof 4b, of the Fruſtum of any Pyramid. 
Ds Hoofs of the — of way right Cone, it 
be 
Thus, 3.8197) DD + } D4+D— 4x * H (= the greater Hoof. 
And 3,8197) 77++D0+d—DX H (= the lefſer Hoof. 


Note, In order to avoid many Words in the following Demon- 
ſtrations, let © Senify any Circle in general; and if any two Let- 
ters be joined to it, thus, © B A, Ac. it then denotes the Area of 


fuch a Circle as thoſe two Letters repreſent the Radius of. 
TH E OREM XVE 


The Globe) is 7, 
waa” of 2 „ 


That is, of ® Cite wield MOINS Got of he phat 
DzrixITIONS. 


If any Circle (as AT GS) be turned or moved about its 
end ok on Cs OR 
will be conſtituted of an infinite Se- 
ries of concentric or parallel Circles, 
whoſe Diameters are Chords, viz. 
Go Oed, © ef, &c. by Defi- 

nition 14. Conſcquently, the Su- 
N er 


en 
Let DS TI, 1 
Then, 1 
Property of a Circle, it 
will be | 1 D—TbxThb=Deb 
That is 2 | DX Th—O 7b=Deb 
3] DXTb=OaT, for Oab—OT6hb= Oar. 
 DXTd=(OeT 
5 | DXTf=OpT, &. 
The Error is here corrected, which Mr. J. Robertſon takes 


Notice of in his Book entitled, * Treatiſe of Menſars- 
tion, Page 160. | 


17 1 


Hence 


422 The Arithmetic of Infinites Part V. 
Hence it is evident, that the Series Ua T, U, Cy T, &c 
ace in the 'aee Ratio with T'Þ, T 4, 7 f, fre. vie. in Add 

+ Whence it follows, that the © a T — the Sum of all 
the Circle's Peripheries between T and ö, and © e T — the Sum 
of all the Circleꝰs Peripheries between T and d, &c. Conſequently, 
that the OA = the Sum of all the Circle's Peripheries included 
between T and B; that is, © 4 T = the Superficies of the FHemi- 
, And becauſe CI AC + OT C= OAT, and UAC 
TC. Therefore © AT =20© 4 the Superficies of the 


, 4 © 4 Cwill be the ficies of 
* 


+ Suppoſe the Axis Z P 16. Then DD=256 
And 1: 0.9854 : : 256: 201,0624 = © FC, for 1 D = 

Then 201 ,0624 X 4 = 804, 2496, the Superficies of the whole 
Or, — 3-1416 is four Times o, 7854, therefore 
416:: DD: 3,1416 DD the Superficies 
n 


the Cylinder's Baſe, and that, multiplied with 
will be 3,1416 D D the curve Superficies of the 
"Theorem 12. And if to this there be added the 


will be eaſy to find the curve any 
of a Sphere that is cut off by a Right Line or P 
vas the Segment @ T m in the laſt Scheme, whoſe curve bn 
cies is © @ T (as above). Therefore (becauſe Yab+UT5 
= TaT)it willbe© ab + © Th = the curve Superfic ies of 


that Segment. 


But if the Axis T 8, ard Height T ö, of the Segment are given, 
then will it be 78 X T4 = DaT; as in the Third Step above. 
Which gives this Proportion oc Theorem ; 


Vi 
IZ. 
* 


| pps Specials. 423 


Sn : is to the whole 
ve her 


is the of any Segment : — fe 


8 the Ates of the Segmient's Baſe, 
the Sum will be the Superficies of the whole Segment. 


THEOREM XVII. ' 
Every Sphere is equal. to eee o. 


That is, of a Cylinder whoſe and Diameter of its Baſe 
are each equal to the Axis of the 


DEMONSTRATION. 


to the Work in the laſt Theorem it 


- 2 


AT being the Term, and FC 4 
the Number of Terms; therefore © 4 
7X37 Cn Ge 

Lemma 2. becauſe [] aT — 
— CeT—OTd=Oed, 
DO yT—O Tf=O yd, DAT—OT 
CSA, &c. wherein U T3, U T4, Tc. are a Series 
of Squares whoſe Roots T, Td, Tf, are in Arithmetical Progreſ- 
fion, U T C being the erm, and FC the Number of 
Terms; therefore © TC X+ TC= the Sum cf all that Series, 
per Lemma 3. conſequently, © AT X 3 TC—©T C X 4 TC= 
the Sum of the Series © ab, © ed, © of, &c. which conflitute the 
Sclidity of the half Sphere ATC. Put D=2TC the Axis of the 
1 then 4 D=4 TC, and + D=4 TC. And becauſe L 

22; therefore © AT = 2 © TC=1,5708 DD. And 
1,5708 DD X 2 z D =0,3927 DDD. 

Again, © TCX 3 TC = 0,7854 DDX$ D=0,1309 DDD, 
then 9,3927 DD D—0,1309 DDD =0,2618 DD the 
of the Semi-ſphere ATC, conſequentiy, o, 2618 D D D X 2=0,5236 
DDD will be the folid Content of the whole Sphere, which is 
equal to two Thirds of the Cylinder whoſe Diameter of its Baſe 
and Height = D. For 0,7854 DDD = the Solidity of the Cy- 
linder, by Theorem 11. But f cf © | DDD; 
a5 before. Therefore, &c. : a5 by 


” Example. 


Example. Suppoſe the Axis D=16, then DD D = 4006, and 
F : 0,236: : 4096 : 21446696 the folid Content of that 


Corollarier. 


Hence it ar that the ſolid Content of i 

equal 19 i Super mailed into e ch Pan of io Ax 

or its Superficies is 3,1416DD, by Theorem 17.7 But 3,1416 
XI D =0,5236 DDD the ſolid Content, as before. 


2. And hence it is alſo evident, that there i 
Habitude between the 97 


any Cube: is to the Syperficies of its i 
: : fo is the folid Content of that ay GIG 


[See the Circle's 


139 and 3,1416 — — But 
6 DD: 1 OI DDD the of the 
| — as above. f 


—©bTX 3T b will be the Sum of all the Circles interc 


between T and h. C of that 
ment. And becauſe L 25 TEU FT S == QO 27: — 
SIS TI XITI—-O TIN 15 = the fame Solidity. 

Let a b half the Segment's Baſe; b—Tb its Height; and 
S the Solidity of the Segment or Fruſtum: Then © ab—=3,1416 
cc, and © Th = 3,1416 55. Conſequently, 


2 s hich bei md 
will become 3 α N, 236 . Or 1,909855) 3 c< 


bhb $. for 0,5236) 1,0000 (1,9098 Which is one 
Fhcorem for finding: the Fruſtum's Solidity.. * 


ly it will be the 


Nate, 


And if it be is wr fd the mi -. wy 
called the middle Zone of a Sphere, 
then becauſe 1122 that « 
= NF, er which is all one, that 


Fiſt, Becauſe AC =» C=eC=aC=TC. Therefore it 
will de CO #C— 6 SQ. OC dcC—DOcd=DODed. 
DO4C—OC=De5, &c. becauſe UAC. 04. 
4c, xc. are a Series of Equals, and Ch the Number of all 
the Terms, therefore [] FC X Ch = the Sum of all that Series, 
by Lemma 1. And CF. Oe. OC, &c. a Serjes of 
Squares whote Roots are in Arithmetical Pr inning at 
the Center or Point C, viz. o, Cf, Cd, CH &c. wherein the 
greateſt Term is C] CB, and Number of Terms is Ch. Eee 
Ch X<£ Ch S the Sum of all the Series, by Lemma 3. Conſe- 

, the © FC X Chb—© CbX+C == the Guo of all the 
ies Oy. Oed. O4 b, &c. which do conftitute the 
rare {Lhd + And becauſe AC - CI =. 


Err. © 4AC—©ab=©@Cb., Conſequemiy © ACX C1 
DeeDee X + C b will be the 


3 


Put D= 4G =2 AC.x=am. and Mar 0 Burn Oh 


Then © 4 CS 0,7954DD. © ab = 0,7854 x x. 
we turn the common Fear 5 


Iii 
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and then take the Triple of that Diviſor, vie. 38197 (as before 
in the Fruſtum of Pyramids) - the Reſult of —— 
r wn. 5. 


e XX. 


Spheres cre in Proportion one to another as the Cubes of their Dia- 
meters. (18. e. 12.) 


- DrEmoxSTRATION. 


D = the Diameter or Axis of any Sphere, and d = the 
Diameter of another Sphere, either greater or leſſer. Then is 

0, 5236 DDD= the of one Sphere, and 0,5236ddd = the 

Solidity of the other Sphere, by Theorem 18. Bur DDD>dud: : 


, 5256 DDD : 0,5236 ddd. QE. D. 
| THEOREM XX. _, 
The ſolid Content of every is equal ts two Thirds its cir- 
_ cum Cylinder. d 


. 


Suppoſe the Fi Tas NM in the annexed Scheme, to re- 
nt a ene by the Rotation of the 
TNS, about its 'Traniverſe Axis 7 & (as by Definition 15.) 
Let DTS, the Length of the Spheroid, and the Axis of its 
circumſcribing Sphere; and 4=N n, the Diameter of the 
Circle of the Spheroid. Then betauſe [1 TC:ONC:: (3.45: 
[7 a b, by Step 3 in "Theor. 7, therefore it will be D D: 42: U 
45: C:: OA: O, &c. But the Sum of an infinite Se- 
ries of ſuch Circles as © 4 b (whoſe Dia- 1 
meters are Chords) do conſtitute the Soli- | 
dity of the Sphere (as before at Theorem 
18) and the Sum of an infinite Series of ſuch 
Circles as © ab (viz. whoſe Diameters are 
Ordinates of the Ellipſis) do conſtitute the N 
Sohdity of the Spherard, by Defi. 15. Ergo *+ 
DD: dd:: 0,5236 DDD: 0,5236 dd D = N 
the Solidity ot the Sfpheroid, by Lemma 6. 
But — 1 of the Cylinder whoſe 


Diameter is d, "and Height = D, by \ 
Theorem 11. 


Now, from this Proportion between the Sphere and its inſcribed 
Spheroid, it will be very eafy to deduce "Theorems for finding the 
ſolid Content either of the Segment or middle Zone of any 
- roid, having the fame Height with that of the Sphere. 


As the Solidity of the whole Sphere : is to the Salidity of the 
For 2 fir art of the Sphere : to the like 
Part of the Spheraid, by the Converſe to Lemma 6. | 


| As for Inflance; ſuppoſe it were required to find the middle 
Zone of any Spheroid : Let D=TS, and 4=Nn, as above; and 
H=bB, x = AM, as in Theorem 19, and let can. Then 
DD, the middle Zone of the Sphere. Ando, gag 


3,8197 
2D DT „ 24dXH , KH 
eee e e e eee 


mi hie Zone of the Spheroid. 


An H _ i x 
DD 3.3197 3.8197 
. there will ariſe this followi 

5 os will ing 
ada + cc 


"THEOREM XXI. * H = 


Note, Jn the fane Mace pop cxce mad Theorems os feuding tbe 
7 » Sc. 
THEOREM Xxll 


Iv es ery Parabola is & Tord its ci a 
0 „ * 


DEMONSTRATION. 


Let the Figure S B repreſent half a Parabola. Make D 
parallel to the Axis & 4, and & d parallel to the Semi-Ordinate 
AB, and ſuppoſe & d to be divided into an infinite Series of equi- 
diſtant Points, as f, g, Wn. from thoſe Points imagine a 

i | 1 i 2 Series 
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Series of parallel Lines, viz. fm, & #, b p, &c. to touch the Curve 
of the Parabola, and meet the Semi-ordinates 
Then, according to the Property of the Purabola, iz will 
{r | $4:DO 4B::8a:Dam - 

H 182187 


5 5 
e will be 


fron, | 
Fon oe ane ie fs ako, therefore they 
beries of Squares, wherein #'S is the grateſt Term, and & d the 


Number of Terms. ' Cunfouanty ISS = the Sum of all 


thoſe Lines, by Lemma 3. Bd N. AF —4B x 59. Therefore 


AA = the Sum of all that Series of Lives; but all thoſe 


c 


viz. the Area of what half the Parabola 2 
or filling up the Parallelogram $4 g. Wherefore SAX AB — 


AX AB — AB ill be the Ares of half the Parabola A. 4B. 


Ss bB will be the Area of the whole * 
bola b$B. AE. b. 


Example. Suppoſe 
bola to be þ B24, and its interc Diameter (or Axis) be 
3 A= 33; then 2SAXbB—66X 24= 1584. and 3) 1584 
(528 the Area of that Parabola. i 
THEOREM XXIV. 


Every Parabolic Conaid is 1 bg yr its circumſcribing 


D- 
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DEMONSTRATION. 
geen bg fe ward or one about its 


Axis (S#) it will form a ſolid Parabolic Conoid, conſtituted of an 
_ infinite Series of Circles, viz. © ba, © fe, © gy, Kc. by Defi- 


. nition 17. 
Now, according to the Property of every Parabola, it will be, 
$4: 48::4 B: So = L, the Latus Rectum. 


SeaXL=(Ohe 
Then fr ILSE fe 


Here $ K SeX f. 1 Þ, kr. ren 
Series of Terms in Aruhmetical 

therefore O 5 4, U fe, Lg», ae are all 
a Series of Terms in the ſame Pgpgrefſion, 

ginning at the Point 8; w r. 
the greateſt Term, and If the of all 
the Terms. Therefore 0 4B X + £4 = the Sum of all the Se- 
ries by Lemma 2. »>© 4B XZ 8 A= the Sum of 
all the Series Oba, © fe, © g y, &c. which do conſtitute the 
of the Conoid. And putting D=2 4B, and H=8 4, 
Then 0,7854 DDX+H=0,3927 DD H will be the ſolid 
Cn Hee = foe Teen) OED. 
= D and Height =H. hy da 


9 
: 222 30 


430 The Arithmetic of Infiiites Part V. 
| e ABXp— ©baXp=©baxh 


1X 2 60 4B Xb+© BXp—©ObaXp=2F 
6 — 7 nn 


ed 8|© AB X b+ © ba Xb=2F 
" 8449 EEE A b= — Solidiy. 


Let D=2 4B, as before, and 4=2.be the Diameter of the 
Part cut off; then we ſhall have this 


THEOREM XXV. 12 wt Ig "ns 927dd X þ = the 


ruſtum required. 
DD + dd* | 
orf 2 — X 6 = the Fruſtum; for, 3927) 1, 00012, 5464 


— + 259 = 3,81g6: therefore it may be 


made 3, 8 106) DC4-48X4 b (= the fame Fruſtum, —_ 
Note, © The Reaſon why I have reduced this Theorem to have 
the fame Diviſor with thoſe at the Fruſtums of Pyramids, &c. 
will beſt appear farther ongyiz. when they all come to be ap- 
plied to practice in Gauging,” 


THEOREM XXVL 


' Every Farabolic Spindle (or Tyra ns, equal tight Fifteenths 


DEMONSTRATION. 


If any acute Parabola, as 5SB, be turned or moved about its 
greateſt Ordinate h A B, it will form a Solid called a Parabolic 
opindle, conſtituted of an infinite Series of Om a, © ne, © py, 
&c. by Definition 18. 

Let us ſuppoſe the Line & d, parallel to A B, &c. (as at Theo- 
rem 23) then it hath already been proved, that the Lines f m, 
22 &c. are a Series of Squares whoſe Roots are in Arich- 
me Progreſſion: conſequ rr 4 
[7 b p, &c. Ol be a Series — rd 5 4 
drates, whoſe Roots will be * 
rithmetical Progreſſion: which being 


premiſed, we may proceed thus. 
A = 
Il SA— gn=ne 
3 | Sd—b3p=þy 
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1 | 4 | OS4—284X n+ Ofer=Ome 

2 @* | $ | 8 8855 

364 | 6 | OS4—-284Xbp+Obp=lDOps, &c. 

In cheſe Equations the [TS 4, USA, OSA being a Series of 
Equals, and FB the Number of all the Terms; therefore it will 
be [7] SB Xx AB= the Sum of the Series, by Lemma 1. | 

2. Becauſe f m, g n, þ p, &c. are as a Series of Squares wherein 
5 4's the gremeſt Term, and 4 B the Number of all the Terms ; 


therefore 22AXSAXAP — 2 SAXEP it be the Sum, of all 


; 3 3 
that Series, by Lemma 3. | 
3. And the Vn, []gn, Up, &c. will be a Series of 


Terms in the Ratio of Biquadrates, as above; U dB SA 
being the greateſt Term, and AB the Number of all the Terms; 


therefore it will be SAXLE = the Sum off all that Series, 


err 5 20 SAXAB 


Whence it follows, that [I'S AX 4B — — 


OSAXAB _ the Sum of all the Series of LI m a, One, py, 


Ac. That b, de Sum of all the Series of DI) = 


15 
a, (7 ne, UI, UAB. &c. conſequently, „ 


15 


583, 


* 


| ing the 
Fruſtum S 4 py of the laſt Figure. For OS A being 
Term, Op y the leaſt Term, and 4y the Number of all the 
Terms or Circles included between 4 and y. 


; wil 28A4Xxbp | 'b» 8 
a | | — ru. 
1 Sum ef all the Series [T SA. Un, gn,[Opfy' 
= [bp 
1X3] 2 30S4—284Xb pg + IF * Ay = 3= 


2 7245 
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2 43 30 $4—284Xbp + — . 55 


But | 4 —— by 6th Step. 


2— 449. = — Dpy + Obp 


ec. * 2054+019 1035 =E 
7 L the Sum 
of all the Series of © $4, © ma, do con- 
ſtitute the Solidity of the — 5 4py. ——— 
ease as before, C=2py, x==zbp, and H = A5, it 
will be 1,5708 DD Þ 0,78 85 4 C C-o,3141 16xx X+H= 
the Fruſtum 2 And if we make 2 H. 
0957 + , 1 —0, nir Double of 
Fruſtum, And by turning theſe Fac- 
— —ů— the Fruſtum of the Conoid at 
Theorem 25, Page 430, there will ariſe this following Theorem. 


THEOREM XXYE. 


Ferne 


PE 


It may be here expected that I ſhould now proceed to ſhew how 
the Area of any Hyperbola, and the Contents of fuch Solids as 
may be formed by the Rotation of that Figure about its Axis, 
&c. may be found ; but becauſe thoſe Things cannot be exaQly 
preformed by any cerainor fete Theorem, — 

„ and Parabola have been, rere 
and Refer the Reader to Dr. r 


(435) 
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T2 
called Stereometry, or the 


of | 
or Contents of all Sorts of Veſſels 
e 8 &c. are computed as tho” they were really 
any one that hath made himſelf Mafter 
Part of r underſtand, without 
any farther 


— e 
X ———— > Cong, bath 


ID — — Learning, I have there 

oung Gauger with this Appendix, wherein I 
1 nn on and have 
been already demonſtrated in this Treatiſe. But herein, I pre- 
tuppoſe that he bath acquired (or if not, it is very neceſſaty he 
ſhould acquire) a competent Knowledge both in Arithmetic and 
Geometry : 'That is, 


J. In Arithmetic he ſhould underſtand the principal Rules very 


well, eſpecially Muinphcation and Diviſion, both in whole Num- 
ders ar | Parts, (which may be eaſily learnt out of the 
ad, 3d, and 5th Chapters of Part 1.) that fo he may be ready at 
computing the Contents of any Veſſel, and caſting up his Gauges 
by the 3 without the Help of thoſe Lines of Num- 
ders upon fliding Rules, fo much applauded, and but too much 
” Þpradtiſed, which at beſt do but help 10 guets at the Truth; I mean 
ſuch Pocket- Rules as are but nine Inches (or a Foot) long, whoſe 
Radius of the double Lire of Numbers is not fix Inches; and 
therefore the Graduations ur Diviſions of thoſe Lines are are ſo very 
' cloſe, that they canrot be well diſtinguiſhed. It is true, when the 
Rules arc made two or thice Feet long (I had one of fix Feet) 
there they may be cf forae Ute, eſpecially in ſmall Numbers; al- 
tho? even then the Operatiors may be much better ſand almoſt as 
ſoon) done by the Pen: For, indeed, the chief Uſe of Sliding- 
Hates is cndy js wading of Punenfons, and for that Purpoſe they 
are very convenient. 5 
| K k R IL i. 


* 


take Dimenſions > but alſo how 
io divide any irregular re or Superficies, as Brewers Backs or 
Coolers, E into the eabeſt and feweſt regular Figures 

admit of, that ſo their Areas may be truly 
leaſt Trouble. And this may be learned (with a Care and 
— — out of the iſt, ad, and 5th Chapters of Part III, which 
the Gauger ſhould be well acquainted with. Alſo he to have 
ſo much Skill in Solids, as to be able, even at Sight (but this muſt 
be acquired by Experience) to determine what 


the Content thereof computed 
ith the leaſt Error, becauſe 
do it exaQtly ; 


If 


* 

there 1 
as by the 
Dimenſions uſeful 
I Inch; 
Meaſures, as Feet, Yards, Oc. 
to Inches, (fee Sect. 4. Pag. 42.) | 
of Veſſels (taken Notice of in Gauging) 
Standard Gallon of its Kind, whoſe Content is 
certain Number of Cubic Inches: That is, 
Gallon contains 282, the Wine 231 
268, eight Cubic Inches. [Se 

ſu 


e the 
34» 35, 36, which I here ſuppoſe 


perfectly by heart.] C ſuperficial or 
folid Content of any Veſſel, as 4 Sc. be 
once computed in Cubic Inches, it will be eafy to. know how 
many Gallons, either of Ale, Wime, or Corn, that Veſſel will 


hold. | 
Note, I have here faid, the ſuperficial Content in Cubic 
which may ſcem to be very improper, according to the 


Fi 


tion given of a Superficies in Page 285 ; but you muſt know, that, 
in the Buſineſs of Gauging, all Superficies or Areas are al- 
ways underſtood to be one Inch deep, iſe it could not be 
faid (as in the Gauger's ge it is) that the Area of ſuch a 


Back, or of fuch a Circle, Sc. is ſo many Gallons. 


ings 
will be fitly prepared to underſtand the following Problems 


i 
= 
£ 
| 
: 


„Which 
are ſuch as have (moſt of them) in the 
"foregoing Parts of this Treatife, are here applied to 

Practice; and therefore I ſhall, Brevity | refer to 


thoſe Theorems and Problems. 


£ 
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Se. 1. To findthe ¶ ca of any right-lined Superficics in Gallons. 


| „ PROBLEM L 
Te find the Area AN or Cooler, c. either 


| the given 
TY 2 „ and the Product will be the Area in Inches ; 


Length or Breadth 


(being here equal) 


then divide that Area by 282, or 231, 1 
the Quotient will be the Area required. 


Example. Suppoſe the Side of a Square Tun, Back, or Cooler 
be 124,5 Irches, * 


Firſt 124,5 K 124,5 = * * Area in Inches. 

Then 282 54 Ale Gallons. 
And 231 f 15500, 5 1 76,10 G. the Area in 4 Wine Gallons. 
Or 266,8 5756 Cc. Corn Gallons. 


But if any one would rather work by Mubiplication thas by 
Diviſion, he may turn of change any Divifor into a Multiplica- 
tor, if he divide Unity, or 1, by that Divifor. (Vide Probl. 3. 


Page 408.) 


Thus 282 0.003546 Ale Gallons. 
And 231 f 1,000000  0,004329 f the Multip. for 3 *. Gallons. 
Or 268,8 . 0,003722 C. Gallons. 


7 . rr 24.98 Sc. the Area in 
Gallons, as before; and fo on for the reſt. 


; PROBLEM u 


| To fud the hoes of any Ten, Back, er Cooler in the Ferm of a 
Right-ansled Parallelogrem in Ale Gallons, Sc. 


See the Rule for finding its Area in Inches, at Pichl. f. P. 339, 


then either divide (or multiply) that Area, as above, and you will 
have the Area in Gallons. 


Erample, Suppoſe the Length of a Brewer's. Tun, Back, or 
Cooler be 21 776 Inches, and its Lreadin 85,6 Inches, what will 
its Area be in Ale or Beer Callons, Ic ? 


Firſt 21 7,5 X 85,6 = 18648. Then 232) 13643 (66,12, Cc. 
Or 18648 X 0,003546 = C6,12, Ic. the Arta required, c. 
K k k 2 PR O- 
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PROBLEM II. 
To find the Area of any Triangular Tun, Back, er Cooler, in 
| Ale Gallons, Cc. 


C 
See the Rule for finding its Area in Inches at Prob. 3, p. 340 : 


then divide (or multiply) that Area as before, and vou will have 
the Area required. 4 


Example. If the Length of the Baſe of 2 Triangular Cooler 
be 86,4 Inches, ard its perpendicular Breadth be 57 Inches, what 
will its Area be in Ale Gallors; 


Firſt, 86,4 X 2 = 2462,4. Then 282) 2462,4 (8,73 Cc. 


Or 2462,4 ＋ 0,003546 = 8,73 &c. the Area in Ale Gallons. 

Proceeding thus, you may eafily find the Area of any Tun, 
Back, or Cooler, whether it be in the Form of a Rhombus, Rhom- 
beides, Trapezium, or of any other Polygon, either regular or 
irregular, in Ale cr Bcer Gallons, &c. if you firſt divide it inio 
Triangles, and then find the Areas of thoſe Triangles ; (as in the 
2d, 2th, $th, and 6th Problems in Chap. 5, Part III.) the Sum 
of thoſe Areas being divided (or multiplied) by its proper Diviſor 
(or Multiphicator) as above, will give the Area required. 

Now, the practical Way of _— any Polygonous Tun, 
Back, &c. into Triangles, is by help of a chalked Line, ſuch as 
the Carpenters uſe, and may be thus performed. 

| any Brewer's Tun, Back, or Cooler in the Form of the 
annexed Figure ABCDFG, Let one End of the chalked Line 
be faſtened with a Nail (or otherwiſe) in any Corner or Angle 
of the Back, as at 4; then firaining B C 
it to the Angle at C, ſtrike the Dia- 
gonal Line AC upon the Bottom of 


the Back; and ſtraining it again to D 
the Angle D, ſtrike another Diagonal 

Line, as 4 P, and fo on for the Di- © 

zonal Line G D, &c. Then having | 

marked out all the Diagonals, the Perpendiculars may be thus 


jound : Faſten (as before) one End of the chalked Line, in the 
Angle B, and then, by moving it 10 and fro upon the Stretch, 
find out the neareſt Diſtarce between the Angle at B and the 
Diagonal Line AC; and there ftrike a Line, and it will mark out 
the Perpendicular from B to the Line AC, and fo on for the 
other Perperdiculars: W hich being all marked ont upon 2 
ine of 

Inches, 


tom of the Back, menfuce them aud each Diagonal by a 
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Inches, &c. and then the Area of that Back may be computed, 
And here, by the Way, it may be obſerved, that the Number 
angles will always be lefs by two, and the Number of the 
leſs by three, than the Number of the Sides of any 
ht-lined Figure that is fo divided. 
ing found (as above) the true Area of any Brewer's Back or 
(which, according to the Laws of Exciſe, ought always 
xed or immoveable) the next Thing will be to find out the 
true dipping or gauging Place in that Back, ſo that the true Qvan- 
tity of Worts may be computed or (caſt up) at any Depth; 
which may be thus done. 
1. When the Bottom of the Back is covered all over (of any 
Depth) either with Worts or Liquor (viz. Water ) then dip jt in 
eight or ten ſeveral Places (more or lefs according to the Large- 
refs of the Back) as remote and equally diſtant one from another 
wt do ogra 6 11 nds 
every Dip. | 
2. Divide the Sum of all thoſe Dips or wet Inches by the Num- 
ber of Places you dipped in, and the Quotient will be the mean 
Wet of all thoſe Dips. | 
3. Laſtly, find out fuch a Place by the Side of the Back (if you 
can) that juſt wets the ſame with that mean Dip, ard make a 
Notch or Mark there, for the true and conſtant Dippirg-place of 
that Back. Then if any Quantity of Werts (which do cover the 
whole Back) be dipped or guaged at that Place, and the wet Inches 
ſo taken be multiplied into the Area of the Back in Gallons, the 
Product will ſhew what Quantity (viz. how many Gallons) of 
Worts are in that Back at that Time, provided the Sides of the 
Back do ſtand at Right Angles with its Bottom. 


Sed. 2. To find the Area of any Circular and Elliptical Superfi- 


cies in Gallons. 


2, 


1. I have demonſtrated in Chap. 6. Part HI, and Theorem 3. 
„6, Part V. that the Periphery of the Circle whoſe Diameter5 
Grice 1, is 3,14159265 &c. (or for common Uſe 3,1416) 
and that its Area is 0,78539816 &c. (or 0,785 4 fere.) 
2. Alſo, that the Peripheries of all Circles are in 
one to another as their Diameters are; and their Areas are in 
Proportion to the Squares of the Diameters. That is, as 1: 
3-1416:: the Diameter of any Circle: to its Periphery. And 
I : 07954 :: the Square of the Diameter: to the Area. 


Upen 
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Upon theſe Proportions depend the Solutions of all the 
commen of na Queſtions about a Circle. [See Page 408, 
409. , 


PROBLEM IV. 
The Diameter of any Circle being given in Inches, to find the Pe- 


— the given Diameter with 3,1416, and the Pro- 
Roxx. 1428 will be the Perĩphery required. {See Prob. 1. p. 408.] 
Example.. Suppoſe the Diameter of a Circle be 54,5 Inches, 
and it were required te find its Periphery. Then 54,5 X 3,1416 
= 171,21, &c, Inches in the Pęriphery required. The Converſe 
of this is eaſy, viz. by having the Periphery given, io find the 
Diameter. { See Prob. 3. Page 408.] 


PROBLEM V. 


The Diameter ny Circle be: wes (in Inches) to its 
EA n * 


iply the Square of the propoſed Diameter into 

Ro 0,7854, and the Product will be the Area in Inches; 

E. [See Probl. 2. P. 408. ] that Area being divided by 292, 
or 231, &c. the Quotient will be the Area required. 


Suppoſe the given Diameter be 54,5 Inches as above. 
Firſt, 54,5 X 54,5 = 2970,25. And 2970,25 X 0,7854 = 
2332,83 the Area in Inches: 


Then 282 8,2724 Ale or Beer Gals. 
And 231 $2332.83 | 100988 þ the Arcain | War Gallons. 
Or 268,8 8,6788 ; Corn Gallons. 


But theſe. Areas in Gallons may be much eaſier found without 
knowing the Circle's Area in Inches, as above, by having the 
Square of the Diameter of that Circle whoſe Area is one Gallon ; 
| which may be thus found, by Theorem 6, Page 407. 

o, 785398: 1:: 282 : 359,05 the Square of the Diameter of the 
Circle whoſe Area is 282 cubic Inches, wiz. one Ale Gallon. 
And from this Proportion will ariſe the following Diviſors ; 
282,000000{ 359,05 A. GC. 
vg. 0,785 398 230,900000{29413þ will ba ou fr 
268,800000(342,24 | C. G. 


Ir 


That is, \ 0785398 2 25 Orby 231, &c. 


22 


any 

be that Circle's Area in Gallons of the ſame Name : 
Vid. 2970, a5 X 0,002785 = 8,2725 the Area in A. G. as above. 
the Area in . Gal. &c. , 


of 


3 but that which is performed by the 
— * 


rr VI. 


Example. Suppoſe the longeſt Diameter to be 7 
the ſhorteſt Diameter to be 51,6 Inches ; bebe oy = 
in Ale Gallons. 


Firſt 73,5 X $1,6 = 3792,6. Then 359,05) 3794.6 (10,56 


the Area in Ale Gallons, Or 294,12) 3792,6 (12,89 the 
in Wine Gallons, Cc. 


Area 
Note, 


ceoling Tubs one to another) 
, and enter its Area (and its Number) into 
the Stock-book ; then, w of thoſe Tubs hath Worts in it, 
take the Diameter of the Surface or Top of the Worts, and find 
that Area, adding it and the bottom Area together. If either the 
half Sum of thoſe two Areas be multiplied with the Depth of the 
Worts (taken as near the Middle of the 'Tub as you can) or, 
it the Sum of thoſe two Areas be multiplied with half the Depth 
(ſo taken) the Product will ſhew the Quantity of thoſe Worts very 
near the Truth. 8 


PROBLEM VI. 


The Diameter of any Circle, and the verſed Sine, viz. (the Height) 
22 Segment, being given, to find the Area of that Segment in 


In the 410th and 412th Pages you have two Ways (and their 
Examples) of finding the Area of any Segment of a Circle in 
Inches; then if that Area in Inches be divided by 282, or 231, Fc. 
the Quotient will be its Area in Gallons. But becauſe the Area of 
any ſuch Segment may be readily found in Gallons (without find- 
ing its Area in Inches) by Help of a Table of Segments, whoſe 
Conſtruction is laid down in the Problem, Page 411, &c. I have 
here inſerted a Compendium of fuch a Table, which will ferve 
very well for common Practice, not as * find the Area of any 
Segment of a Circle in Gallons, but to find the Number of 
Gallons, that are either drawn ovt, or remaining in any Cylin- 
dric Veſſel lying along, or of any cloſe Caſk (being firſt reduced 
to a Cylinder) us Axis yog ponnne to the Horizon, uſually called 
the Ullage of a Caſk; as be ſhewed farther on. 


A Table 


ot Pradtical Gauging, 


A Table of the Segments of a Circle whoſe Area is Urity or I, 
the Diameter being divided by paralle] Chord-Lines into 100 
equal Parts, 


og egment . Segment. N 4 Tegment | 
0,0017 0,2066 5:$0,5127 | 
Jo, oo48 0,2178 521,525 5 
o, 087 o, 2292 | | 53,5382 
9,0134 0,2407 5440 5509 
o, 0187 0,2623 58,5635 
0,0245 , 640 | 5,5762 
0,03 10,2759 J 571.5888 
0,0375 0,2878 55 J%.,6014 
o, 446 o, 2998 5” $6140 
0,05 20 « $0,3119 6265 
90,0598 0,3241 49.6389 
0,680 1.336411 I 5514 
0,0764 0,3486 * „6636 | 
0,085 1 0,3611 1 8750 
0,094 | 9.3735 „15881 
0, 1032 0,3860 70 2 
0,1127 5,3986 55 1 22 
0.1224 25,4112 6+ 7241 
9,1323 9.4238 6c [7360 
9,1424 5424305 | 7c 27477 
9,1526 11,4491 71 02,7593 
0,1631 - $2,46+8 7424 >,7708 | | 
9,1738 1476 | F 734957522 980 9972 | 
2, 1845 4873 | | 7402-7934 | | 990.9985 
1 2519,1955 [2,5000 | | 75%0.8045 oli. o 0 
The Uſe of this Table cf Segments depends upon the follow- 


ing Proportion : 

As the Diameter cf any propoſed Circle: is to too (rhe 
Diameter of the tabular Circle) : : fo is the Height of any 
Segment of the propoſed Cucle : to a veried Sine in the 
Table. 

Then, if the tabular Segment, which ſtands againſt that verſed 
Sine, be multiplied into the Circlke's Area (either in Inches or 
Gallons) the Product wiil be the Area of the Segment required 
[of the fame Name] +:z. If the Cecle's Area be inches, the Seg- 
ment will be Inches; if Gallons, the Segment will be Gallons. 

111 Ex..mple, 


- VIZ. 
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Example. Let the Diameter of the given Circle be D A=62,5 
Irches, and the Height of the Segment | 
ſought be F A = a0 Inches; What 
will its Area be in Ale Gallors ? 

Firſt, the Area of the whole Circle 
will be 10,8793 Ale Gallons (by Pro- 
blem 5.) and the Proportion will ſtand 
thus, 62,5 : 100 :: 20: 32 the verſed 
Sine of the Table whoie Segment is 
0,2759. Then, 10,3720X 0,2759 = 
3,00r6 Ale. Gallons, being the Area of the Segment BAGF, as 
was required. The like may be done for Wine Gallons, Corn 
Gallons, or Inches. 

And, upon Occaſion, the like Segments of any Elhipſis may 
be eafily found. See the Proportions in the Corollaries to the 7th 
and 8th Theorems, Page 412, Cc. to which I here, ſor Brevity's 
Sake, refer the Reader. ; 
Sect. 3. To compute the Contents of ſuch Veſſels, (viz. Tuns 

&c.) a+ 27” in the }orm of the following Solids. _ 

Net-, P-fore the young Gauger proceeds to theſe Computati- 
ons, he ſhould be well acquainted with ſuch Solids as are defined 
in P. 402 and 403, and then he may eaſily underſtand what Sort 


of Figures are meant in the follou ing Problems, without the Re- 
petition of many Words. 


— 


PROBLEM VII. 


To find the Content of any Priſm whoſe Sides ate Parallelograms 
what Form ſeever its Baſe is of. 


That is, to compute the Content (in Gallons) of any Tun, &c.. 
whoſe Sides are Parallelograms which ſtand upright, or at Right 
Angles wyzth its Bottom. 

Fuſt, find its folid Content in Inches, by Theorem 9, Page 414; 
then divide that Content by 282, or 231, or. by 268,8; the Quo- 
tent will ſhew the Content in their reſpeQive G?llons, viz. in 
Ale, Wine, or Corn Gallons. 

Or elſe multiply the Content in Inches with 0,003546, or 
0,004329, &c. [See the Multiplicators, Page 435] thoſe Pro- 
ducts will be the Content in their reſpective Gallons. 

Or ctherwiſe thus: | 

Find the true Area of the Tun's Baſe or Bottom, as directed in 
Scct. 1. P. 435; that Area being multiplied with the Tun's 
1 (viz, Depth within) will produce the Content in Gallons, 
as beforc. 


I take 
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I take the Work of this Problem to be ſo very eaſy, that it 
needs no Example. 


PROBLEM IX. 


To find the Content of any Pyramid (in Gallons) whoſe Baſe is 
bounded with Right Lines. 


Every Pyramid is one third Part of its circumſcribing Priſm, 
by Theorem 10, Page 415. Therctore, it the Area of the Baie 
oft any Pyramid, in Gallons, be multiplied into one Third of its 
perpendicular Height; or if one Third of that Area be multiphed 
with the whole Height, either of thoſe Products will be the Con- 
tent of the Pyramid in Gallons, &c. But the Content of any 
ſquare Pyramid may be caſily found in Gallons by this Rule: 

Square the Side of its Bafe, and multiply that Square 
_ with the perpendicular Height ; then divide that Pro- 
Rut k. 4 duct by 846=282 X3 tor Ale Gallons, or by 693=231 
* 3 tor Wine Gallons, or by 806,4 2268, 8 K; tor Corn 

Gallons, the Quotient will be the Content required. 

Or, if you multiply the faid Product with 0,601182 for A. G. 
or with 0,001443 for . G. or, laſſly, with 0,001241 for C. G. 
the Reſult will be the Content required, as before. 


PROBLEM X. 


Te find the Content (in Gallons) of the Fruſtum of any ſquure Py- 
ramid, cut Jf by a Plane parellel ts its Baſe. 


Firſt, Enher by Theorem 15, Page 419, or 'Theorem 16, P. 
420, find the propoſed Fruſtum's Solidity in Cubic Inches; then 
divide that Content in Cubic Inches by 282 or 23t, &c. and 
the Quotient will be the Content of the Fruſtum in their refpec- 
tive Gallons. 
But, from the foreſaid Theorem 15, there may be eaſily d:dnced 
the following general Rule tor finding the Content of the like Fru. 
tum of any Pyramid, what Form foever its Baſes are of (ſuppoſing 
thera to be parallel) whether they are alike or unlike. 
: Furſt, find the Area of each Baſe, (viz. the top and bot- 
tom Areas of the propoled Fruſtum;) then find a Geo- 
"wy metrical Mean between thoſe two Areas (by Lemma 
* 1, Page 77;) the Sum of thoſe two Areas and their 
Mean, being multipLed into one Third ot the Fruſtum's 

ight, will produce the Content required. 


LI12 Exam- 
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Example. Suppoſe a Tun in the Form cf the lower Fruſtum of 
a Pyramid, whoſe Baſes are equilateral Triangles: Let the Side 
ct the Top be 42 Inches, the Side of the Bottom be 63,4 Inches, 
ard its Height [v/z. Depih] be 33 Inches; What will the Con- 
tent of that Tun be in Ale Gallons ? 
Pirſt, find the Area of each Baſe in Inches, by Probl. 7, P. 343; 
then find what thofe Areas are in Ale Gallons, by Probl. 3. P. 
436. Multiply thoſe two Areas together and the ſquare Root of 
their Product will be the mean Area, & c. as in this Example: 
'Tep 2,71 
Example. The ae Area 1 6,12 fat Gallons. 
Mean 4,07 


Their Sum 12, 90 
Then 12,9 X 2 =1419. Or * X 33 = 141,9 the Con- 


tent required. 
PROBLEM XI. 


To find the Cintent of any riglit Cylinder in Gallons. | 

That is, te compute ihe Content of any round Tun, & c. wheſe 
Diameters at Top and Bottom are equal, ard at Right-angbes 
with its Sides. 

The Content of ſuch a Tun may be found by Theorem 11, 
Page 415; or otherwiſe by the following Rule. 

Muluply the Square of the Diameter into the Height, 

Ro: r. Jand divide the Product by 350,05 (or multiply with 

© } c,0027fs5) &c. as in Page 439, that Quo ient (or Pro- 
duct) will he the Content required. 

Exemple. Suppe ſe the Diameter be 42,5, and the Height 31,5 
Inches. 
Firſt 42.5 * 42,5 = 1806,25. And 1806,25 X 31,5 = 56896,5875. 
Then 359,05) 56896,375 (158, 46 the Content in Ale Gal. &c. 


PROBLEM NI. | 
To find the Content of ary Cone or round Pyramid in Gallons. 


Becauſe every Cone is one Third of its circumſcribing Cylin- 
der, ,vee Theorem 13, Page 416] therefore its Content may be 
truly found by the follewing Rule. 

Multiply the Square of the Diameter of its Baſe into 
the perpendicular Height, then divide their Preduct 
Ruts. 5 Þy 1077/5 = 359,05 X 3 for Ale Callons, or by 
882,36 294,12 X 3 for Wine Gallons, &c. and the 
Quotient will be the Content required. | _ 


* 
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Or if the ſaid ProduCt be multiplied with 0,000928 = 2 
or with o, 001133 = — thoſe Products will be the Content 
in their reſpective Gallons. | 
Example. Suppoſe the Diameter of the Baſe be 42,5, and the 
perpendicular Height be 31,5 Inches, What will the Content be 
in Ale Gallons ? | (as before. 
Firſt 42, 5 X42, 5 1806, 25. And 1806,25 X 31,5 = 56896,875 


Then 1077,15) 56896, 875) 52,82. Or 56896, 25 X 0,000928 
2582,82 —_— in Ale Gallons. And fo on for Wine or 


Corn 


PROBLEM XII. 


To find the Content of the lower Fruſtum any Cone in Gallens. 


That is, to compute the Content of any round Tun, &c. whoſe 
Diameters at Top and Bottom are parallel, but unequal. 


- The Content of fuch a Tun may be found by the Rule at Pro- 
blem 10; but from Theorem 16, Page 420, it will be eaſy to 
deduce this following Rule. 
To the triple Product of the top and bottom Diameters, 
add the Square of their Difference; multiply that Sum 
Rot r. A into the Height, (or Depth): then divide the laſt Pro- 
duct by 1077,15 for Ale Gallons, or by 882,36 for Wine 
Gallons; the Quotient will be the Content required. 
Example, Suppoſe the Diameter at the Top to be 52,4 Inches, 
the Diameter at the Bottom 44,6, and the Height 30 Inches. 
1ſ,52,4X44,6=2337,04; and2337,04X3=7011,12 ; Ada 
Alſo, 52,4—44-6=7,8; and 7,8 Xx 7,8= 60,84 | 
The Height 350X 7071,96=212158,8 
Then 1077,15{ 212158,3 (196,96 . 
Ladd (7 gies - Ace, Þ the Contentin Ale Gallons. 
And fo on for either Wine or Corn Gallons, as Occaſion re- 
quires. But if the Tun (or Veſſel) be not truly circular, that is, 
if either its Top or Bottom (or both of them) be elliptical, whe- 
ther they are alike or unlike, it matters not, the Content of ſuch 
a Tun may be truly found by the general Rule at Problem 10. 


PROBLEM XIV. 
The Axis or Diameter of any Sphere or Globe being given in Inches 
to find its Content in Gallons. 
Every Sphere is two Thirds of its circumſcribing Cylinder, by 
Theo. 18, Page 423; from whence and Theor. 20, P. 426, it is 
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2 that if the Cube of the Axis of any Sphere (taken in 

hes) be multiplied into 0,5236, the Product will be the Con- 
tent of that Sphere in Inches. Conſequently, if that Content be 
divided by 282, or by 231, &c. the Quotient will be the Con- 
tent in Gallons. 

But thoſe two Works of multiplying with 0,5236, and then 
dividing by 282, or by 231, &c. may be contracted into one. 


856( __ A. G. 
And. 237 $ 045236 o gag86] vill be a Multiplct. for 


o, 02266 * W.G. 
282 8,5712 __ Gallons. 
Oro,5236 255 538.57 J will be a Diviſor for I. Galen 


From hence ariſes this following Rule. 
If the Cube of the Axis of any Sphere be divided by 
538,57; or multiplied with 0,001856 : or divided by 
RuLE. 4J 441,17 ; or ele multiplied with 0,002266; the Quo- 
tient, or Product, will be the Sphere's Content in their 
reſpeAive Gallons. 
Example. Suppoſe the Axis or Diameter of a Sphere or Globe 
be 22 Inches, how many Ale Gallons may it hold? 
Here 22X22X22=10648 ; and 538,57) 10648 (19,76 A. G. 
Or 10648 X o, 001856 2 19,76 Ale Gal. the Content required. 
Ard fo for either Wine or Corn Gallons, as Occaſion requires. 


PROBLEM XV. 


To find the Content of a Segment of a Sphere in Gallons. 


In the Scholium, P. 424. there are two "Theorems for reſolving 
this Problem according to the Data. 


1. If the Diameter of the Segment's Baſe and its Height arc 
ziven, the Content may be found by the firſt of thoſe "Theorems, 
which gives this Rule: 

To the triple Square of half the Diameter add the 

Square of the Height ; then multiply that Sum into 
Rus 1. I, * 9 

the Height, and divide the Product by 538,57 for 

A. G. or by 441,17 for V. G, &c. as above. 

2. But if the Axis of the Sphere and the Height of the Seg- 

ment are given, the Content may be found by the ſecond of thoſe 
Theorems. 
From the triple Product of the Axis into the Height, 
ſubtract twice the Square of the Height; then mul- 
tiply the Remainder into the Height, and divide that 
Product by 538,57, &c. as in the laſt Problem. 


RVYIE 2. 


Eitber 
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| Either of theſe Rules will produce the Content of the Segment 


Example. Suppoſe the Diameter of the Segment's Baſe be 28 
Inches, and its Height be 8 Inches, what may it contain in Ale 
Gallons ? 


Firſt 2) 28 (14. Then (by Rule 1.) 14X14X 3= 588. 
And 8 t 9322 Again 6246 = 3744- 
Laſtly, 538,57) 3744 (6,95 the required. 

Note. This Problem may be of Uſe in Gauging the Crowns of 
Brewer's — &c. 


Sect. 4. The practical Method of Gauging any fixed Tun or Copper, 
and making a Table to ſhew what it will bold at every Inch deep, 
uſually called Inching of a Tun, &c. 


IRST, you muſt know, that moſt (if not all) Brewer's Tuns 
are ſo fixed as tolean alittle for Conveniency of cleanſing their 
Drink, which is uſually called the Drip or Fall of the Tun. Now 
this Drip or Fall of any Tun is the Hoof of fuch a Solid as that 
Tun is ſuppoſed to repreſent, and under that Conſideration it 

be found, as in Theor. 16, P. 420: But the practical (and indeed 
the beſt) Way i is, io meaſure into the Tun - (when it is dry) fo 
much as will juſt cover its Bottom; for by that means you 
do not only find the true Fall, but alſo a true horizontal or level 
Plane over the Bottom of the Tun; from which if the Depth of 
the Tun (viz. the neareſt Diſtance from the Top of the Tun to 
the Surface of the Liquor) be fet off upon every one of its Sides, 
you will then have a true parallel Plane at the Top of the Tun to 
that of the Liquor. Then, if the Sides of the Tun are ſtreight 
from the Top to the Bottom, take as many Dimenſions in the 
—_— two Planes as are needful to find the true Area of each ; 
__ thoſe two Areas and the aforeſaid Depth find fo much of 
un's Content (by the general Rule at Problem X.) as is be- 
— thoſe two Planes. 
Next, to inch that Tun, divide the Difference between the Top 
and Bottom Areas by the aforeſaid Depth, and the Quotient will 
be an Addend or fixed Number; which being added to the leſſer 
Area, the Sum will be the Area of the next Inch; and, being add- 
ed to that Area, their Sum will be the' Area of the "third Inch; 
and ſo on from Inch to Inch, until the Area of every ſingle Inch 
be found; the Sum of thoſe Areas (if the Work be true) will 
amount (or be equal) to the Content found, as above. And it 
| the 


—_—_— T— —— ——  —— 
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the Tun's Drip or Fall be added to the Sum of all thoſe Areas, 
that Sum will be the whole or full Content of that Tun. 

Now, from hence it muſt needs be eaſy to conceive, that if 1. 
2, 3, or any Number of thoſe Areas accounted from the Bot- 
tom, be added to the Fall, that Sum will ſhew the Quantity of 
Liquor or Drink that is in the Tun, to ſuch a Number of wet 
Inches from the Bottom as there were Areas added together. Or, 
if the Sum of any Number of thoſe Areas (being accounted from 
the Top) be ſubtracted trom the Tun's whole Content, the Re- 
mainder will ſhew what Quantity of Liquor or Drink is in the 
Tun, when there is fuch a Number of dry Inches from the Top 
as there were Areas ſubtracted. 

This being well confider'd, it will be eaſy to make a Table 
either to every wet or dry Inch of any regular Tun (viz. whoſe 
Sides are ftreight frorn Top to Bottom) what Form foever its Baſes 
are of, and whether it ſtand upon the greater or leſſer Bate. 

But if the Sides of the 'Tun are irregular (viz. not ſtreight from 
its Top to the Bottom) then the beſt and eaſieſt Way will be to 
divide or part the I un into ſeveral Fruſtums, each of ten Inches 
deep; and finding the Content of cvery ſingle Fruſtum, by taking 
the Diameters in the Middle of every one of thoſe ten Inches 
(that is, the firſt Diameter at 5 Inches from the Top ; the ſecond 
Diameter at 15 Inches frem the Top, &c.) and multiplying their 
reſpective Areas with 10, (which is done only by removing the 
ſeparate Comma's one Place forward to the right Hand) if the 
Sum of all thoſe Fruſtums be added to the Fall (as before); that 
Sum will be the whole Content of the Tun. 

Note, If you take the Height of the foreſaid ten I-ch Fruſtums 
in the Side of the "Fun, you muſt allow for the Difference be- 
tween the flant Height and the perpendicular Height in every 
Fruſtum. 

Laſtly, If from the whole Content of the Tun veu ſubtract the 
mean Arca of the firit Fruſtum ten Times, and from the Re- 
mainder ſubtract the mean Area of the ſecond Fruſtum ten Times, 
and from the laſt Remainder ſubtract the mean Arca of the third 
Fruſtum, &c. until there remain nothing but the Fall or Hoot 
of the Tun, you will then by that Means have a Table that 
will ſhew what Quantity of Drink is in the Tun to any Numb: 
of dry Inches. 

And this is alſo the Methcd of Gauging and Inching Brewer's 
Coppers, viz. by firſt meaturing into the Copper ſo much Liquor 
as will juſt cover its Crown, and then dividiug its perpendicular 
Height into Fruſtums, and its Sides into four equal Parts; that fo 
crofls Diameters may be taken in the Middle of each Fraftum : 


But 
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a parabolic Conoid ; then, if the 
of the Crown, and its perpendicular Height 


are given, the Quantity of Liquor may be found by this following 


This Rule is deduced from Scholium, Page 424, and Theorem 
25. Page 430- 


Sect. 5. To compute the Content loſe Caſt in Gallons, viz. 
a "of any Butt, Pipe, 122.41 As ds 


N order to 
following Dimenſions of the propoſed Caſk muſt be truly taken 
in Inches, and Decimal Parts of an Inch. 
The Bulge or Bung Diameter within the Caſk. 
Viz. | aber of the Head Diameters, ſuppoſing them both equal. 
And the Length of the Caſk within. 


Note, In taking of theſe Dimenſions, it muſt be carefully obſerved, 


1. That the Bung-hole be in the Middle of the Caſk ; alſo that 
the Bung-ſtaff and the Staff over- againſt the Bung-hole are both 
regular or even within. s 

2. That the Heads of the Cafk are equal and truly circular; 
if ſo, the Diſtance between the Inſide of the Chine to the Out- 
ſide of its oppoſite Staff will be the Head Diameter within the 

near. 

3. With a fliding Pair of Calipers (made on Purpoſe for that 
Uſe) take the ſhorteſt Diſtance ot Length between the Outſides 
of the two Heads; (ſuppoſing thera even) from that Length 
fubtraQ 1 4 Inch (more or leſs, according to the Largeneſs of the 
Mm m Caſk) 


perform this difficult Part of Gauging, the three 


= 
Ko. 
ap 
* 


450 Of Practical Gauging. 
Caſk) for the 'Thickneſs of the two Heads, the Remainder will be 
the Length ef the Caſk within. mY 


Now, by theſe Dimenſions, one would ſuppoſe the Content of 
the Caſk were perfectly limited; but it will be eaſy to percewe, 
by the following Figure, that the Diameters (aboveſaid) and the 
Length of one Caſk may be equal to thoſe of another, and yet one 
of thoſe Caſks may contain or hold ſeveral Gallons more than the 
other. 


As for Inſtance, ſuppoſe the annexed Figure ABCDGF, to 
repreſent a Caſk; then it is plain, that, B 
if the outward and curved Lines AB C 
ard FG D are the Bounds or Staves of 4 
the Caſk, it muſt needs hold more than 
if the inner ſtreight or pricked Lines L 
were its Bounds or Staves, and yet the 
Bung Diameter BG, Head Diameter 
CD and AF, and the Length LH, are G 
the ſame in both thoſe Caſks. 


C 


Whence it plainly appears, that no one certain or general Rule 
can be preſcribed to find the true Content of all Sorts of Caſks, 


and therefore Gaugers do uſually ſuppoſe every Caſk tc be in Form 
of ſome one of theſe following Solids. 


I. The middle Zone or Fruſtum of a Spheroid. 

H. The middle Zone or Fruſtum of a Parabolic Spindle. 
III. The lower Fruſtums of two equal Parabolic Conoids. 
IV. The lower Fruſtums of two equal Cones. 


Viz. 


Now the Way of Gueſſing at the Caſk's Form, and computing 
its Content, according to its ſuppoſed Form, I ſhall here ſhew in 
their Order. 

I. If the Staves of the Caſk are very much curved or arching 
(as the outward Lines of the laſt Figure) then the Caſk is ſuppoi- 
ed to be in 1. Form of the middle _ FR 6 Sphe- 
161d, whoſe Content may be computed, by T beorem 22, Page 427, 
which gives theſe two Rules. EOS 


« C To twice the Square of the Bung Diameter add the 

Square of the Head Diameter; multiply that Sum in- 

Ruiz t. y to the Length, and divide the Product by1077,15. 
Fiz. 3,8197X282 for Ale Gallons; and by 882,36. 

V. 3,8197X231 fur Wire Gallons. Or thus, 

| | Ruts 
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To twice the Area of the Bung Circle, add the Area 
Rut 2. of the Head Circle; multiply their Sum into one 


Third of the Length, and the Product will be the 
Content in their reſpeQtive Gallqps. 


Example 1. Suppoſe a Caſk in the Form offiþe middle Zone of 
2 Spheroid, whoſe Bung Diameter is 31,5, Head Diameter 24,3, 
and its Length 42 Inches. 


Firſt 31,5X31,5X2=1984,5. An! 24.5X24,5=500,25 
Azam 1984,5+600,25=2584,74. And 2584,75 X42=108559,5 
Then 1077,15) ro8559,5(100,78 the Content in Ale Gallons. 
And 832,35) 1085 59, 5 (123,03 the Content in Wine Gallons. 

Or thus, by the Second Rule. 
Bung Diameter 31,5 twice its Circle's Area is 5,5 270 
Head Diameter 24,5 its Circle's Area is 1,6718 
The Length 42 divided by 3 is 14. 7,1988=their Sum. 
Then 7,1988X14=100,78, the Content in A. Gallons as before. 
Ard fo the Content in Wire Gallons may be found. 


II. Tf the Staves of the Caſk are not quite fo mueh curved or 
arching, as was ſuppoſed before, the Caſk is then taken for the 
middle Fruſtum of a parabolic Spindle, and its Content is cem- 
puied, as by Theorem 27, Page 432. Which gives this Rule. 

To twice the Square of the Bung Diameter add the 
Square of the Head Diameter; from their Difference 
RuLE. 4 ſubtract 4 Tenths of the Square of the Difference of the 
Diameters; multiply the Remainder into the Length, 
and divide the Product by 1077, 15, &c. as above. 


Example 2. Suppoſe the Dimenſions the ſame as before. Then 
31,531, 2: + 24,5X24,5 = 2584,75. And 31,5 — 24,5 
=7. Again 7X7 X04 = 19,6. And 2584,75 —19,6X42= . 
107736, 3. Then 1077,15) 107736, 3 {100,01 the Cont. in A. G. 
Ec. tor . G. 


II. When the Staves of the Caſk are but very little curved or. 
arching, then it is fuppoſed to be in the Form of the Fruſtums of 
two equal parabolic Ccnoids, abutting or joining together upon 
one common Baſe at the Bulge, and the Content may be found 
by Theorem 25, Page 430. v hich gives theſe Rules. 

To the Square cf the Burg Diameter add the Square 

of the Head Diameter; multiply their Sum into the 

Rurs 1. Length, and divide the Product by 718,08 (vz. 

2,5464X282) ior Ale Gallons: or by 583,22 (viz. 
2,5464) for Wine Gallons. Or thus, 

M m m 2 Rurex 
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To the Areaof the Bung Circle add the Ares of the 
Rox 2. | Head Circle; multiply the Sum into half the Length ; 
and the Product will be the Content required. 


Example 2, With the ſame Dimenſions as before. Then 
315X 31,5 24,5 & 24,5  1592,5. And 1592,5 & 42=66885 
And 718.08) 66885 (% ihe Content in Ale Gallons. 

Or 588, 22) 66885 (1137 the Content in Wine Gallons. 


IV. If the Staves of the Caſk are ſtreight from the Bulge to the 
Head, as the inner prick'd Lines in the laſt Figure (if ſuch a Caſk 
can be made) it is then taken for the lower Fruſtums of two equal 
Cor: 5, abutting or joining together upon one common Baſe at the 
Bulge. And its Content may be computed as at Problem 13, Page 
445, Or by 'Theorem 15, Fage 415. Thus, 

175 the Sum of the Squares of the Head and Bung Dia- 
RuLe. 


meters add their Product; then multiply that Sum into 
the Length, and divide the laſt Product by 1077,15. 
Or by 382,56. The Quotient will be the Content, &c. 


Example 4. With the fame Dimenſions as before. 
Furſt 31,5X31,5+24,5X24,5+31,5X24,55=2364,25 


And 2364,25 & 42 =99298,5. 'Fhen 1077,15) 99298,5 * 
the Content in Ale Gailons, and fo on for Wine Gallons. 


Thus you have the Methods of computing the true Content: of 
the four Solids, in whoſe Form all Caſks 
are ſuppoſed to be. And by the Exam4Ale Gallons 
wack it appears, that four ſuch Caſks a J. 100, 780Differ. 


ave their Dimenſions all equal, and the} II. 100,01 0.77 
ſame with thoſe above-mentioned, then lll. 93,01 7,00 
Contents will be as in the Margin. . $2.0 0,83 


From the Difproportion or Inequality of theſe Differences it 
will be eafy to conceive, that there may be ſeveral Caſks whoſe 
Contents cannot be truly found, according to the atorefaid ſup- 
poſed Ferms; and therefore, in order to trectiſy the faid Inequa- 
lities, fome Authors (that have written upon this SubjzeQ) have 
laid down Tl corems of their own Invention; (and yet called them 
by theſe Names) others have propoſed Tables for the tame Purpoſe. 
But fince it is fo, that we can only gueſs at the Truth, the plaineft 
and eaſieſt Way is to be preferred in Practice; and that is, bs 
finding ſuch a mean Diameter as will reduce the propoſed Catk 
a Cylinder, 


'Thus, 
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Multiply the Difference between the Head and Bung 
Diameters, with o, ). or with 0,65. or with 0,6. or with 
Thus, 49255» according as the Staves of the Caſk are more or 

leſs arching; add the Product to the Head Diameter, 
and the Sum will be the mean Diameter required. 
Then fird the Content, as at Prob. 11. Page 444. 


Egample. With the fame Dimenſions as before. "Then the 
Bung Diameter leſs the Head Diam. is 31,5—24,5=7. And 
MD. AG.. ont. | Dif. 
2Xo,7 =29,40 its Area 2,4073X42=101,10 
2555+ | 


7X0,65=29,05 2,3504X42= 98,71 | 2,39 

7X0,6 =28,70 2,2941X42= 96,35 2,36 

r * f 
From theſe it may be obſerved, that the Difference between 


each Caſk's Content is regular, and very near equal; which plainly 
of 


ſhews, that there is not ſo much Room left for Error this Way 
computing their Contents, as was by the aforefaid Forms. 

Now the firſt of theſe four (viz. with o, 7) is very commonly 
uſed among Gauger for all Sorts of Caſks; but I did never 
gauge any Caſk that would contain quite fo much as that Rule 
did make it; and the Reaſon doth appear very plain from Theorem 
22, Page 427, being compared with Theorem 19, Page 426. and 
the laſt Figure, viz. that no Caſk (being regularly made) can 
hold more than the middle Fruſtum of a Spheroid. But I always 
found by Experience, that if the ſecond and third of theſe Rules 
(viz. with 0,65 and 0,6) were duly applied, they would anſwer 
very near the Truth amongſt the common Sort of Cafſks; and the 
fourth Rule (viz. with 0,55) will come pretty near the Truth in 
| ing the Contents of Caſks, whoſe Staves are almoſt ſtreight 
betwixt the Head and Burg, viz. fuch as Wine Pipes, &c. 


Sea. 6. To find what Quantity of Liquor is either drawn y 
or remaining in any 2 Caſt, uſually called the Ullage of 2 
Caſt; hath two Cafes. mY | | 

Caſe 1. O find what Quantity of Liquor is in dhe Caſk, when 
| its Axis is 2 to the Horizon, viz. when 

it ſtands upright upon one of its Heads. 
In order ta perform this the eaſieſt Way, it will be convenient 

to know how to calculate the Area of any Circle betwixt the Bung 

and Head, whoſe Diſtance from the Bung or Middle of. the Caſk 

is given, Now that may be done by this Proportion. = 
As the Square ot half the Length of the Caſc ; is to the 


Difference between the Bung and Head Areas:: ſo is the 
Fiz. 5 Square of any Cucle's Diſtance from the Bung : to the 


Difference between the Bung Area, and the Area of that 


> Circle, vis. the Area of the Liquor's Surface. 
Demon- 


* 


| 
| 
| 
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H = Half the Length of the Caſk. Fl % 
Let j D = Halt the Bung Diameter. 3 - B \ 


d Half the Head Diameter. 


| P = the Diſtance of any Circle from | 
And J the Bung 
a Half the Diameter of that Circle. 


Then according to the common Property of the Ellipſis, Page 
B: DD:: BB— HH: dd. And BR: DD:: BR—PP: aa, 
DD HH 8 oF DD PP 
* — | 2 — 42 
5 DD HH DD-—aa 
Conſequently, 1 w 
DD — 44 DDPP 
This Equation, being brought out of the Fractions, will be- 
come DDHH—eca HH = DDPP—dd PP, which gives this Ana- 
hey HH: DD—ds :: PP: DD—aga. Then DD — as being ſub- 
tracted from D D, will leave az. But Circle's Areas are in Pro- 
portion to the Squares of their Diameters, by Theorem 6, Page 
7. Therefore, &c. Q.E. D. Then, from the Bung Area 
ſubtract one third Part of the aforeſaid Difference, viz. between 
the Bung Area and the Area of the Liquor's Surface; multiply 
the Remainder with the Liquor's Diſtance from the Bung, and the 
Product will ſhew what Quantity of Liquor is either above or un- 
der half the Content of the Caſk. 


Example. Let us ſuppoſe a Caſk of the ſame Dimenſions with 
that in the firſt Example, Page 451. and let it be required to 
find what Quantity of Liqucr is in it (of Ale Meaſure) when 
there is but 9 Inches wet. Herz half the Length of the Cafks is 21 
Inches, whoſe Square is 441, and the Liquor's Diſtance from 
the Bung is 21=9=12. hs Square is 144. The Difference 
between the Bung and Head Areas is 1,0917 (22,7635 — 
1,6718.) Then 441 : 1,0917 : : 144: 0,3564- | 

= 2,7635 — 0,3564 = 2,4071 the Area of the Liquor's 

Urtacé. | 

Again 3) o, 3374 (0,1188. And 27635 — , 1188 = 2,6447 
Then 2,6447<12=31,7364, what the Caſk wants of being half 
full. Conſequently , 39—31,73=-18,66 will be the Quantity 
of Liquor in the Caſk at 9 Inches wet in Ale Gallons. * 


BB. 
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And if the Caſk had wanted but 9g Inches of being full; then 
r deen the Quantity of Liquor 


in 

Note, becauſe the two firſt Terms (viz. 441 and „ I 
Proportion are fixed, viz. continue the fame for iſtance, it 
will be very eaſy to calculate the Areas of all the Circles betwixt 
the Burg and Head to every Inch, and by that Means to make a 
Table that will ſhew what Quantity of Liquor is either drawn out, 
or remaining in the Caſk at any Depth. 


Caſe 2. To find what Quamity of Liquor is in any Caſk, when its 
Axis is parallel to the Horizon, viz. when it lies along. 
There are Variety of Tables to be found in Books of 
ar $92 Fn, poly x af wager ger — 
thod of computing the „ by Ta the Segments of a 
Cock, come vers near the Trath in all Sorts of Cain, which b 

thus perform'd: 

1. By the Bung and Head Diameters, find fuch a mean Diame- 
ter as you judge will reduce the propos d Caſk to a Cylinder, by 
the Method laid down in Page 453. And then find its full Con- 


tent, as in thoſe 
iameter ſubtra& the mean Diameter, and 


2. From the Bung 
half the Difference, (viz: divide it by 2.) 
From the wet Inches of the propos d Ullage, ſubtract the 
id half Difference, and call it x; then obſerve this Proportion. 


(As the mean Diameter : is to 100 (the Diameter of the 
Viz. Laber Se : ſo is the laſt Difference (viz. x): to a 
verſed Sine in the Table. (Page 441.) 


Then if the tabular Segment, which ſtands againſt that verſed 
Sine, be multiply'd into the Content of the Caſk, the Product 
will ſhew the Lllage, viz. what Quantity of Liquor is either in 
the Caſk, or drawn torth. 

Example 1. Let the Caſk be that of the ſecond Sort, in Page 
453, viz. whoſe Bung Diameter is 31,5 Inches, mean Diameter 
29,05, and the Content 98,7: Ale Gallons; and ſuppoſe there 


were 10,5 Inches wet in it, it is required to find the wet and 
Gallons? . * 


Here 31,5—29,05=2,45 ; its half is 1,22. And 10,5—1,22=9,28 
29,05 : 100 : 9.28 : 31,9=V. Sine; its Segm. is 0,2748 
And g8,71X0,27456=27,12 the Number of wet Gallons. 


Again 
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— 2 the dry Inches; and 21—1,22=19,78 
"Then 29,05 : 100: : 19,79: 68,0; its Segment is 0,724 
Prove e 3986 the Number of dry Gallons. 
herding the Contents of the Caſk very near; 
the Truth of this Method. 


ee ee eee e 
Tun, and Caſks, &c. To which I ſhall only add, that 
as the Contents of all Brewers Utenſils are to be computed by the 
Ale Gallons, fo the Contents of all Diſtillers Utenfils (viz. all 
their Waſh-backs, Stills, and Caſks, &c.) muſt be computed by 
the Wine Gallon. 

And in gauging of Malt (upon which there is now a Duty of 
four Shillings per Buſhe!) you muſt obſerve, That a Corn or 
Malt-Buſhel doth contain 2150, 42 cubic Inches; (See 6.) 
and therefore in gauging of Malt-Ciſterns, or other eſſels 
21 50, 42 will be a conſtant or fixed Diviſor for finding the Areas 
of right-lined Figures in Buſhels at one Inch deep, and 2738 
will be a conſtant or fixed Diviſor for finding the Areas of circu- 
lar Figures. 

I have omitted the Buſineſs of gauging Maſh-Tuns, and taking 
an Account of the Goods or Grains, in order to eſtimate what 
Quantity of Worts were produced from them, &c. becauſe I 
... 71 (by all my Obſervations) any Certainty therein ; 
nar in ie palidle there ſhould be any | by Reaton of the great Dif- 
ference that is in Malt (and its Grinding too) for the beſt Malt 
(well ground) will yield or produce the moſt Worts, and leaſt 
Grains; on the „dad Malt (being ill ground) yields the 
leaſt Worts and moſt 
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PR E F A C E. 
HE Mathematics formerly recrived confiderable Ad- 
vantages ; firſt, by the Introduction of the Indian Cha- 
rafters, and afterwards by the Invention of Decrmal Frac- 
tions; yet has it fince reaped at leaſt as much from the Inven- 
tion of Logarithms, as «Y _ the other two. The Uſe of 
theſe, eb af one knows, 1s of the greateſt Extent, and runs 
Parts of 2 5 their Means it is that 
— almoſt infinite, and ſuch as are otherwiſe impracłi- 
cable, are managed with Eaſe and Expedition. By — 22 
ance the Mariner ſterrs his Veſſel, the Geometrician ine. 
tigates the Nature of the bigher Curves, the de- 
termines the Places of the Stars, the Philoſepher accounts for 
other - Phansmena of Nature; and laſtly, the Uſurer com- 
gutes the Intereſt of bis 
The Subject of the following - Treatiſe has been cultruated 
by Mathematicians of the firſt Rank ; ſome of whom, taking 
in the whole Doctrine, have indeed wrote learnedly, but ſcarce- 
ly intelligible to any but Maſters. Others, again, accomma- 
dating themſelves to the Apprebenfion of Novices, have ſelect- 
ed out ſome of the moſt eaſy and obvious Properties of 2” 
rithms, but have left their Nature and more intimate | 
ties untouched. My Defign therefore, in the following 7 44%. 
is to ſupply what ſeemed ſtill wanting, viz, to diſcover ard 
explain the — of Lagaricthms, io thoſe lo are nat yet 
got beyond the Elements of Algebra and Geometry. 


9 N wonderful Invention of Lagaritluns we owe 19 tte 


Lord Neper, who was the firft tha! conſtructed and publih- 


— Canon thereof, at Edi aburgh, in te Tear 1614. 7415 
as very graciouſly received by all Mathematicians, who were 
— ſenfible of the extreme jefulneſs ther cof. And 
— 25 7 uſual to have various Nations contending fer tte 
any notable Invention, yet Neper is univerſally al- 
— ay 


or of Logarithms, and enjoys the wol: Fic 
nour thereof without any Rival. 


The ſame Lord Neper aft:rwards invented ano ber and 
more commodious Form of Logarithms, which he afterwards 
communicated to Mr. Henry Briggs, Profeſſor of Geometry at 
Oxford, who was hereby introduced as a Sharer in He cm- 


Nan 2 peering 


— 


PREFACE. 


pleting thereof : But, the Lord Neper dying, the whole Buſi- 
neſs remaining was devolved upon Mr. Briggs, who, with 


prod:grious Application, and an ; ae" Dexterity, 4 
a Logarithmic Canon, agreeable to that new Form for the firf 
twenty Chiliads of Numbers (or from 1 't0 —_ and for 11 
other Chiliads, viz. from goooo to 1010000. For all which 
Numbers he calculated the Logarithms to 14 Places of Figures. 
This Canon was publiſhed at Landba in the Tear 1624. 

Adrian Vlacq publiſhed again this Canon at Gouda in 
Holland in the Tear 1628, Ind the intermediate Chiliads 
before omitted, filled up according 10 Briggs Preſcriptions ; 
but theſe T, ables are not fo uſeful as Briggs's, becauſe the 

arithms are continued but to 10 Places of Fi 

Mr. Briggs alſo wn calculated the Logaruhms of the Sines 
and Tangents nt pf ever Degree, and the hundredth Parts 
Degrees 10 15 Places of Fre? and has ſubjoined to them 
natural Sines, T angents, and Secants, to 15 Places of Figures. 
The Logarithms of the Sines and T angents are called artificial 
Sines and Tangents, but the Sines and Tangents themſelves are 
called natur | Theſe Tables, together as their Conftruttion 
and Uſe, were publiſhed after Briggs's Death, at 
8 — — ear 1632, 9 Henry Gellibrand, and by bim called 

tannica. 

"= then, there have been publiſhed, in ſeveral Places, 
compendious Tables, wherein the Sines and Tangents, and their 
Logarubms, conſiſ of but ſeven Places of Figures, and where- 
in are only the Logarithms of the Numbers from x 19 100000, 
which may be ſufficient for moſt Uſes. 

The beſt Diſpofition of theſe Tables, in my Opinion, is that, 
firſt thought of by Nathaniel Roe, of Suffolk; with 
ſome Alterations for the better, followed by Sherwin in bis 
Mathematical Tables publiſbed at London in 1705; _ 
are the Logarithms from 1 10 101000 confiting of Places 
of Figures. To which are ſubjoined the Differences and pro- 
portwonal Parts, by means of which ne be found eafily the 
Logarichms of Numbers to 10000000, aber ing at the ſame 
Time that theſe Logarithms conſiſt only of 5 Places of Figures. 
Here are alſo the Sines, Tangents, and 9 & with the Lo- 
garithms and Differences for every Degree and Minute of the 
Quadrant, with fome ather Tables of U, * in practical Mathe- 
matics. THE 
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HESE moft excellent and uſeful Numbers were firſt in- 
vented by the famous and never to be Lord 
Neper, Baron of Merchiſton in Scotland, aforeſaid (Ann. 
1614.) who ingeniouſly contrived to perform Multiplication and 
Diviſion of natural Numbers, by only adding or fubtraQting cer- 
tain artificial Numbers, Aridi he To 2 and the 
Extraction of Roots by dividing the Log. by 2 for the Square : 
by een 
This lavention of his (no doube) eeded from a mature Con- 
ſideration of the Coherence that is ixt Numbers in Geometri- 
cal Proportion and thoſe in Arithmetical Progreſſion. 
As in theſe following: 
. 


do. 1. 2. 3 4. 35 
It is very 


b X 7, &c. Arithmetical. 
perceptible, that, as the Numbers in the Geometrical 
Proportionals are produced by Multiplication or Diviſion, thoſe in 
the Arithmetical Progreſſion are produced by Addition or Subtrac- 


tion : DOTS COS : 
4X32=12 128—32=4 Geometr. 
Vis. (92: —_—_ 7 — 5 2 Arithmet. 

— . 
„en. 2.3. 4 4, rc. foot 

The fame Coherence is betwixt theſe latter, as was between 
the two firſt Ranks. 

. FC r000X10=10000 
Viz. \ +1 = 
Either of theſe do 
Ground of Logarithms. | | 
And from the latter of theſe it was, that the prime Logaruhms 
or CharaQeriſtics were firſt aſſigned. 


As 


1000000 5 | 

Having laid this Foundation, the next Work was to find out 
the Logarithms of the intermediate Numbers ſituated betwixt 1 
and 10, viz. 2, 3, 4, 5» 6, 7, &c. and of thoſe betwixt 10 and 
TOO, *iZ.11, 12, 13, 14,15, &c. and ſo on for the reſt. This 

was a Work of ſome Difficulty, and very laborious. 

The firſt Step in order thereunto (as I conceive) was to find out 
a Rank of continual Means betwixt 10 and 1, fo as that the laſt 
and leaft thereof) might be a mixed Number leſs than 2, and fo 
near 1, as to have ſuch a Number of Cyphers before the ſignificant 
Figures thereof, as was intended the Places of Logaruhms in the 
Table ſhould conſiſt of Which Means are to be found, by ex- 
tracting the ſquare Root of 10 (having firſt annexed a competent 
Number of Cyphers thereunto ;) then extracting the Root of that 
Root, ard ſo by a continued Extraction of Root out of Root, 
until there be a Root fo qualified as before-mentioned : Which, 
to make a Table to feven Places in the Logarithms, will require 
twenty-five ſcveral Extractions, the laſt of which will produce this 
Number, 1,00000006862238. 

The next Step was to find out a Number betwixt [I] and [o] 
in Arithmetical Progreflion, that might truly correſpond with the 
Means before found | betwixt 10 and 1] fuch a Number muſt con- 
ſequently be its Logarithm. And this may be found by a conti- 
nual biſecting or [halving] of 1, ſo often as was the Number of the 
foregoing Extractions [to wit, twenty-five] the laſt of which Bi- 
ſections will produce 0,000000029802322, & c. the true Loga- 
rithm of 1,00000006862238. 

For as 1,00000006862238 by twenty-five continued Involuti- 
ons [viz. firſt into itſelf, then that Product into itſelf, and fo on 
ſucceſſively] will produce 10; fo will o,,00000002980232, by the 
the like Number of Doublings and Redoublings, produce 1. 

This Mean [or Number] and its Logaruhm being thus found, it 
will follow by Proportion, As the ſigniſicunt Figures of this Mean 
: are to the fignificant Figures of its Logarithms : : ſs are the figni- 
ficant Figures of ary Mean, betwwixt any given Number and 1: 

| [having 
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ving ſeven Cyphers before ſuch Figures, as this hath] fe the 
Trike F, a, of its Logarithm. To which muſt be prefixed 
ſeven Cyphers to complete it. After which, being doubled, and 
redoubled according to the Number of Extractions required to 
produce its correſponding Mean, will at laſt diſcover the true Lo- 
— given Number. For the clearing of this, take an 
Example. | 
Suppoſe it were required to find the Logarithm of the Number 
2, to ſeven Places. Firſt, by a continued Extraction of Root out of 
Root, beginning at 2, find ſuch a Mean, or Root as before, be- 
twixt 2 and 1, as will have ſeven Cyphers before its ſignificant Fi- 
; which after twenty-five ſeveral Extractons, will be this 
Number 1,00000008262958. Then, according to the foregoing 
Proportions, it will be 6862238 : 2980232 : : 8262958 : 3588557. 
To which prefix ſeven Cyphers, as before directed, then will 
1,00000c08260958 have for its Logarithm, ,ooooco033588557 ; 
which being doubled ard redoubled, as abovefaid, will produce 
0,30102997958658, the true Logarithm of 2 ; which being con- 
tracted to ſeven Places, according to the firſt Deſign, and agreeable 
to the ſeven places of Cyphers, then it will become 0,30102g9. 
But, in all the Tables that I have ſeen, the Logarithm of 2 1s 
©,301030O : I cenceive the Reaſon is, becauſe the remaining Fi- 
gures 7958658 come ſo near Unity of the laſt Place in the re- 
rained 


igures. 
And, by the fame Method that this Logarithm of 2 is made, may 
the Logarithm of any other Number be found. But when once 
the Logarithms of a few of the prime Numbers, viz. of 3. 7. 11; 
13, &c. that is, of fuch Numbers as cannot be produced by the 
multiplying of two Integer FaQtors] are obtained, the reſt may be 
eaſily compoſed by Addition and Subtrafien only. For as 3X 2 
= 6 ſo Log. of 3-+Log. of 2 og. of 6. Ard as 10 —2=5 
ſo Log. of 10— Log. of 2 = Log. of 5. The like of all Num- 
ders that have aliquot Parts (that is, ſuch Integer Numbers as may 
de divided by Integers.) And indeed the Logarithms of ſeveral of 
the prime Numbers may alſo be obtained by Addition or Subtrac- 
tion, as might eaſily be ſhewed, and is not difficult to conceive by 
a one, who but duly conſiders the Nature and Deſign of 1 
rithms, & c, of which I ſhall forbear faying any Thing in this 
Place, and keep to my firſt Deſign herein, which was to give a 
brief Account of the mgenious Author's Method, as I conceive it, of 
making the fame : who undoubtedly found it a very difficult Work, 
dy Reaſon there are required ſo many ſeveral Extractions of Roots 
out of Roots, which muſt needs render it both troubleſome and la- 
borious. Then to propoſe a different Method of raiſfirg the Loga- 
rithms of ſuch prime Numbers before-mentioned, which require 
the Extraction of Roots to obtain their reſpective Means, with 
n O 


5 


- 
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tenth Part of the Trouble and TI i 
Nr r > 
ſent Method of converging Series, the Root of any 
ich ſoever it be, is ; b Extraction; 


202 
mesa: =DOaf .a3* ne 4042 
21250 —(Ja564. a*56 —=Ja"'*3. 212 42866 


For Inſtance, let it be required to find the Mean between 10 
and 1, then the Power of a muſt be 4 3355443* = 10, this Index 
33534453 being the 25th Term in Geometrical Progrefſion,which 
may be thus determined. | 

2, the Chara geriſtic or Legarithm of 10, be divided by 


fuch a Term in Geometrical Progreſſion, as will cauſe fuch a 
Number of Cyphers to be before the ſignificant Figures in the 
Quotient, as are required to be before the Figures cf the Root a; 
ſuppoſe 7, as before. Then 1,+33554432=,00000002g80232, 
&c. which is the true Arithmetical Mean (as before found, by a 
continual biſecting of 1) correſpondent to that ſignified by a ; and 
therefore the Value of a found by extracting the reſpective Root of 
10=43 355443? will be the Mean required; viz. 1, 0000006862238 
whoſe Log. is ,oooooco2g80232. 'Theſe, being fcund, are the 
Foundation of the reſt, as before. 
Then ſuppoſe it be required to find the Logarithm of any of the 
ime Numbers; it you „that of two. In order thereunto, 
4 a=the Root or Mean fought betwixt 2 and 1, as before; then 
muſt « be continually involved, as by the above Model, until its 
Index be equal to the greateſt Term in Geometrical Progreſſion, 
whoſe Number of Places of Figures are to be equal to the Number 
aof required Cyphers before 60 wi 7. According to which, the 
Power of «a will be 40396: =2 * 8388608 being the 23d 
Term in Geometric: conſequently the reſpective 
| Root of za 386 will be the Mean required. 
Example. 


4 


8388608 p2388667 e 
+ 35184367894548 y3338606 = 


F=1 

Then 1 + 8 35184367894 528ee=2 

'That is 8 aloe 75 1843678945 28 81 
Each Part n. 


N &c. then it xt become 


found prefixed to 


Viz. :. 1050067 + + 16411168e-+6883341606628gee=2 


Then 1641 1168e-+- 6883341606628gee — — 
And 0000002 75 
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I take only 1,0000000268 = r ; the which being involved, and 
ordered as before, will produce theſe following Numbers, viz. 
1,999503684867 + 16773028e + 70351 267454084 cen | 
Then 1677 3028e+ 7035126745408 fer =, 000496315133 ; 
,0000002 3841 - 0705481 

ne = 4 
ce =. 
,00000000000000000705481443=D 
0000002384186 47686 (,0000000000295 =e 


+ & = ,0000000000295 — 
* - — 2286214 » 
Div.for ,00000023843 2146023 
Diviſor ,00000023844 7 14019143 
— 11922405 
Diviſor 0000002384481 — ö 
* 20967380! ($79=e 
Here I defiſt forming a new 19075849 
Diviſor, and make uſe of the — 
Abridgment. 1891 = 
166915 
0 2223 0 
Lift r = 1,0000000826 2145 
＋e = „0000000000295879ü k!: | 


& = 1,0000000826295879 


This Value of a = 1,0000000826295879 is the Geometrical 
Mean betwixt 2 and 1, as was required; [ to that before 
found, by twenty-three ſeveral Extractions.) And by this Me- 
thod of proceeding, may be found the Mean betwizt 10 and 1, 
viz. 1, 0000006862238, or betwixt any other of the (before- 
mentioned) Prime Numbers and Unity, as might eaſily be ſhewed. 
But for Brevity Sake, I ſhall omit giving more Examples thereof, 
this one being ſufficient (eſpecially to the Ingenious) if well conſi- 
dered, and but once urderſtood, to ſhew the Nature of, and Man- 
ner how to proceed on the like Occaſſon, of finding any propoſed 
Mean. The next Thing will be to find the Logarithm of the 
Number from whence ſuch Mean was produced, which may be 
thus performed. 

Firſt, find its correſponding Arithmetical Mean, or Logarithm, 
by Proportion (as in Pag. 462.) then multiply that correſ 
Mean, fo found, into the Index Number of fuch Power as the 
Geometrical Mean was produced from; that Product will be the 


Legarithm 
C 


5 
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rithm of the given Number (without a continued Doubling 
Redoubling, as before.) For the clearing of this, let it be re- 
* quired to complete the Logarithm of 2. 

Having firſt found 1,00000006862238, the proper Geomerri- 
cal Mean betwixt 10 and 1; alfo its correſponding Logarithm 
,000000029802 32 (as before direQted) with them and the Mean 
betwixt 2 and 1, laſt found, viz. 1,0000000826295879z make 
uſe of the above-mentioned Proportion (as in Pag. 463.) vis. 

65962238: 2980232 :: 826295879 : 3583855729 
To which — ſeven Cyphers to complete it (as before.) Then 
it will become — $749. Number beir g mul- 
tiplied into the Power of « (what that is, ſee Page 465) wil pro- 
duce the Logarithm of 2. 
vr. 0000000 58855 729X8388608=0, 03000391352 
— 2 Defign, it — 8 have bet ſe- 
ven Places, viz. 0,301300 z TR is the true Logarithm cf 2 
without any DefeQ. 

Thus I have preſented you wit | a new and expeditiogs Method 
of making Logarithms; which if+they were required to fourte-n 
or fifteen Places (I can modeftly "Ti 22 then be made 
with one twentieth Part of the Time and Tronþle requires by 


the firſt Method. 


O 0 2 METHOD 
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METHOD m. 


ſed by Mr. Long. Finding 


A New Table Logarithms. 
the Logarithm by Diviſion only, and the Natural Number belong- 
ing to a Logarithm, by Multiplication only. 
Log. Nat. Num. Log. Nat. Num. 
, 0,9 2943282347 0 1. 00054 
0,8 6.3095 73445 000008 1. 000184224 
0,7 5.011872336 ©,00007 1000161194 
o, 5 3. 98 1071706 0,00006 1.000138 165 
055 3. 162277660 ©0,00005 1.000115 136 
0,4 2.5 11880432 
| 3 1.995262315 
05,2 1.584893 193 
0. l 1258915412 
— 1. 23026871 0,000009g {| 1.000120724 
| 1.2022644 35 0,000008 1. 00018421 | 
©,07 1.174897555 ©,000007 1,0000 16118 
0,06 1. 148 15 3621 o, 00906 1. 000013816 
0,05 t.122018454 o, 000CO05 1. 000011513 
0,04 1,096478 196 
0,03 1.0715 19305 
©,02 1.047 128548 
0, o. 1023292992 
| 0,009 62093944 | 
o co8 1.018591388 
o, oc 1016248694 
0 1.0 13911386 
00057 |} 1.011579454 
| 0,004 1.00925 2886 
©,003 1.00693 1669 
o,o 1. 004615794 
1.002305 238 
1. 02074475 — 
1.00 1843766 o, oοοοο 1. 0000184 
1001613106 o, oo | I.000000161 
1. 001382509 0,00000006 | 1.0000001 38 
1.00115 1956 0,000d0005 f| 1.0000001 15 
1.000921459 0,00000004 f 1.000000092 
1.000691015 0,00000003 | 1.000000069 
1.00046062 3 0,00000002 | 1.000000046 
1 ©00230285 ! 000000023 | 
— = 


— 
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This Table 1 ſometimes make uſe of for finding 
— 1 — 


of any Number propoſed, ard vice ver ſa. 
to find the Logarithm of 2000. | ok in firſt Claſs of my 


Table (the whole table conſiſts of 8 Claſſes) for the — * to 
2, which is 1.995262315, and againſt it is 3, which 
is 


firſt Figure of the Logarithm ſought. Again, dividing the 
Number 2, by 1.995262315 the Number found in the 
Table, the ient is 1.002 374467; which being looked for in 
the ſecond Claſs of the Table, and finding neither it qual, nor 
a Leſſer, I add © to the Part of the Logarithm before fourd, and 
look for the ſaid Quotient, 1.002374467 in the third Clafs, where 
the next leſs is 1.002305238, and againſt it is 1, to be added to 
the Part of the Logarnhm already found ; and the Quo- 
tient 1.002374467, by 1.002305238, laſt found in the Table, 
the Is 1 70 ; which being ſought in the fourth 
Claſs gives o, but being ſought in the fifth Claſs gives 2, to be 
added to the Part of the Logarithm already fourd ; and dividing 
the laſt Quotient by the Number laſt found in the Table, vis, 
1.0000 4505 3, the ient is 1.0C002.JOT 5, _— ht 
in the Exif Claſs, gives 9 to the Part of the — 
ſound: And dividirg the laſt Quotient by the . Di Vis. 
1.00000207 2, the Quotient is 1.000000219, which 
than 1.000001 15 ſhews that the Logarithm * 
3. 3010299 is leis than the Truth I more than — an Unit; 
wherefore adding 1, you have Briggs's Logarithm of 2000, vs. 
„3010300. 
: f any Logarithm be given, ſuppoſe 3 throw * 
the CharaQteriſtic, then overagainſt theſe Figures 3. 0 1. 
. . O, you have in their reſpective Claſſes 1,995262315 ..... „„ 
1,0 305238 o . 00098 ....0...0 which muln- 
plied continually into one another, the Product is 2, 000000019966, 
which, by reaſon the CharaQeriſlic is 3, becomes 2.00,00001 9966, 
Dc. that i is, 2000, the Natural Number defired. I ſhall not men- 
© tion the Method by which this Table is framed, becauſe you will 
cafily ſee that from the Uſe of it, ; 

It is obvious to the intelligent Reader, that theſe Claſſes of 
Numbers are no other than fo many Scales of mean Proportionals : 
in the firſt Claſs, between r ard 10; fo that the laſt Number 
thereof, vis. 1,258925412 is the tenth Root of 10, and the reſt in 
order aſcending are the Powers thereof. So in the ſecond Clafs, the 
laſt Number 1,023292992 is the hundredth Root of ro, ard the 
reſt inthe ſame Manner are Powers thereof. So 1,c02305238, 
in the third Claſs, is the tenth Root of the laſt of the ſecond, and 
the reft its Powers, Sc. Or, which is all ene, cach Number, in 
the 


METHOD Tv. 


Their ConſtruQion, according to the common Rules, giver 
by many Extractions of Roots, is tedious; the beſt Way yet 
known is this which follows. 


To make a Table of Logelidins 


Firſt, Put for the Logarithm of i a C for the Index, and 
a competent Number of Cyphers for the ithm, according to 
the Number of Places you would have your Logarithms conſiſt of; 
for 10 an Unit, with fame Number of Cyphers; for 100, 2, 
2 as many Cyphers; for 1000, 3, with as many Cyphers, 
c. 3 


Secondly, Find the Difference between ſome two Logarithms 
above 1000, or rather above 10000, that differ by Unity; thus 
multiply the two Numbers together, and that Product you muſt 
multiply again by 43429448190325183896 * which laſt Product 
divided by the Arithmetical Mean between both Numbers, the 
Quotient is the Difference ſought. 

Suppoſe we would find the Difference between the Log. 10000, 
and 10cot, the Product of theſe two Numbers is 1.0001 0000. 
which multiplied by 4343 produced 43434343; this divided by __ 
10000, 5, quotes 4343. Now if to the Logarthm of 10000, which 
is 40000000, you add the Difference before found, to wit, 434, 
the Sum 4.00004 34 is the true Logarithm of 10001 to 7 Places. 

Thirdly, Having thus found the Difference of any two Loga- 
rithms differing by Unity, and conſequently ſome of the Logarithms 
by dividing the Difference found by the Arithmetical Mean, be- 
tween any two Numbers differing by Unity, you ſhall have the 
Difference of the Legarithm of thoſe tv;o Numbers, 

Thus to find the Difference betwixt the Logarithm of 274, and 
275 ; divide 4343, the Diſſcrence of the Logarithm of 10000, and 
10001 by 2745 the Quotient 15821, is the Difference ſought. 

Fourtbly, Having by this Means found a few of the prime Lo- 
garithms, the reſt are made by Addition and Subtraction, and hav- 


ieh i: the Subt of th: Curve expreſſing Briggs's Logearithms. & Keil's 
Track. Pag. 135, 149, Ec, g 
my 


BR . | * * | * 
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ing made the Canon upwards, above 1000 to 10000, Conſe- 
quence i wade for inferior Numbers. * 


Numbers to which Logarithms muſt be found, in 
the 8 Place are theſe, 2.3.72 5 13.17.19. 23-29, 


7. 41. 43:47 - 5359.61.67. 7 . 7379 To 
Be. ELF KIT {ot cf * 
N I ee — 
rithms of the prime Numbers, and not eafy to compute 
. by nn Up es and third, &c. 
Men, Sir Iſaac Newton, Mercator, Gregory, 

Wallis and! 


„Dr. H 
Series, by whic 


alley, have publiſhed infinite 

the Logaruhms of — — 2 
Places may be had more ex pediti and truer: 
which Series, Dr. Halley has written a learned Tract, inthe Fi- 


2 Tron * wherein he has demonſtrated thoſe Series 


r a new 


proper 
Series, by — droge Ark > on be found, cafily andexpeditiouſly 
the Logarithms of large Numbers. 1 
Let & be an odd Number, whofe Logarithm is fought; then 
ſhall the Number z—1 and = +1 be even, and accordingly their 
Logarithms and the Difference of the will be had, 
which let be called y: Therefore, alſo the Logarithm of a Number 


Geri I [ 7 181 

An + = hs 15 12087 + 2520029 
&c. ſhall be el to ihe Logarthm of the Ratio, which the Geo- 
metrical Mean between the Numbers 2 — 1 and Si, has to * 
Arühmetical Mean, viz. to the Number =. 


If the Number exceeds 1000, een 


— the Logarithes to 13 er 14 Places of Fi- 
gures, and the ſecond Term will give the Logarithm to 20 Places 
of Figures. But if a be greater than 10000, the firſt Term will 
exhibit the to 18 Places of Figures ; and fo this Series 
is of great Uſe in filling up the Logarithms of the Chiliads omit- 
ted by Briggs. For Example, It is required to find the Logarithm 
of 20003. The of 20000 1s the fame as the bm 
of a, with the Index 4prefixed to it; and the Difference of the Lo- 
ohms of 20000 and 20002, is the fame 2s the Difference of the 
rithms of the Numbers 10000 and 10001, viz. 0.00004 342 
727687. — Dodo... the 


: 


Making 


IF 


of Sines, &c. 
ga ©. 00000 0000542813 
or the Geome- 4. 30105 1709302416- 
the Quotient, 5 


thm of 105 1709845230 
herefore it is manifeſt, that es » 


1 
F< 


E. 
2, 


2 


4 
{ 
: 
: 


doing them will moſtly 

Note, This Series is eafily 

Halley ; and thoſe who 
let them conſult 


1 


Mr. W AR D's Eaſy Method of making the Canon of Stxxs, 
| TanGEnTs, &c. 


TVIRST, let me iſe two Things, that the Periphery of a 
F Circle, whoſe rm Unity or 1, is 6.283185, &c. and 
that the natural Sine of one Minute doth fo inſenſibly differ from 


the Length of the Arch of one Minute, that it may be taken 
the ſame. 


- nn 


in P the Radius :: fo is 
Conſequently, J ir, Ale %. ar of agrering ts A i. 
nute. R 


= the Natural 
Table of Sines 


thus got the Sine of one Minute, its Co- ſine may bo 


That is, 21600 :6,283183: : 15: 
Sine of one Minute ; which agrees with the 
I ever ſaw. 
Having 
thus found 


5 


"b 
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R Rs the Radius of any Circle, SN= the Sine of 
the Arch 8 4. Then RN = CS is the 
Co-ſine of that Arch. But URS — 
OSN= DORN, con ſequenily, 
JSURSECSN= RN. 

That is, from the Square of the Ra- 
dius, ſubtract the Square of the Sine 
of 1', the ſquare Rcot of the Remain- 
der will be the Co- Sine of 1, per Chap. 
9. Prop. 1. In Numbers, the Sine N A 
of 1' 15 coo2goB88s, its Square is 0,000000084512 ; and 1— 
020000008461 2 = 2:99999991 5388, the Square Root therecf 
is ,99999995 = the Co- Sine required 
The Sine and Co-Sine of ore Minute being thus obtaired, all 
the reſt of the Sines in the Quadrant may be gradvally calculated 
by Mr. Michael Dary's Sinical Proportions; which I ſhall here 
inſert, to the fame Effect as they are in his Miſcellanies ; and then 
explain and demonſtrate the Truth of thoſe Proportions. 

If a Rank of Arches be equi different; : 

& As the Sine of any Arch in that Rank : is to the Sum of 
the Sines of any two Arches equally remote frem it on 

Then & each Side: : fo is the Sine of any other Arch in the ſaid 
Rank : to the Sum of the Sines of two Arches next it on 
each Side, having the fame common Diſtance. 

Immediately after theſe Proporticns, he lays down the follow- 
ing Equations : 

Three Arches equi-Cifferent being propoſed ; if (faith he) You 
put Z = the Sine of the great Extreme, y = the Sine of the lefler 
Fxtreme; M = the Sine of the Mean; i= the Co-fine thereof; 
D the Sine of the common Difference; 4 = the Co- ſine thereof; 
and R = the Radius. 


I. 5 2. Then 22 
; E Mitnd 
— MIMM—DD. nn 
Then Zy 4. Then 1 


** the foregoing it is evident (faith he) that if two Thirds, 
viz.. either the former or latter 60 Degrees, or the former 30 Deg. 
and the latter 0 Degr. of the Quadrant be completed with Sines ; 
the remairing Part of the Quadr: n: may be completed by Add;- 
tion, cr Subtraction only. 


ESD: - Thus 
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Thus far is from the ingenious Mr. Dory, concerning theſe 


excellent Proportions ; 
the Truth whereof 1 868 


ſhall thus demonſtrate. 


In the annexed Cir- 
cle DA = da are Dia- 1 
meteis, f þ=b e=ab= F 
be, are equal Arches. 


Draw T parallel to 
DA; 22 Ne = | M ' 
L f. And the 4 &d ac, : 
like the A G fe, being £ ö | 
both right-angled at c | | 
and e, and Cd == G 5 
becauſe fubterded by * 
7 equal Arches ac = 

a. 


Therefore da: de:: Gf: Ge. 

4 da: de:: 46: Ge. Hb = Gf, whence 
HM=+ Gf, dz da = the Radius, dp = 4 dc. Therefore 
it will be, Radius: 2 4% :: HMI ICG: GN+ Ne=GN + 
L f. That is, as the Radius: is to twice the Sine dp: : ſo is the 

Sine FM : to the Sum of the two Sines G N and FL = f L. 
Q. E. D. 
I ſhall now explain theſe proportions, and ſhew how they may 
be apphed in Practice: Having the Sine of one Minute, and its 
Co-fie as before; let the Radius be made the mean or middle 
Term between thoſe two Extremes; then the Proportions will run 


As the Radius: is to the double Co-fine of one Minute:: 


ſo is the Sine of one Minute : to the Sine of two Minutes, 
Thus 4 and of o: and fo is the Sine of 2”: : to the Sum of the 
Sires of 3'and 1' :: and fo is the Sine of 3: to the Sum 
of the Sine of 4 and 2'.” | 
And ſo on in a ſucceſſive Order, from Minute to Minute. 

And then, if from the Sum of the Sines of 7 and 1 be taken 
the Sine of 1', the Remainder will be the Sine of 3: And the like, 
if, from the Sum of th Sines of 4 and 2, be taken the Sine of 
2', there will remain ih Sine of 4, Cc. 

Procteding on by this Method, all the natural Sines in the 
Quadrant may be eaſily calculated by Addition, and Subtraction 
crly. For the Radius, or firſt Term in the Proportion, being 
1,,00c--00 or Unity, Diviſion is wheily avoided : Ard beca 
the ſe ond Term in the Proportion varies not, if a Tariffa, or ſmall 
Table be made thereof, to all the nine Digits, then Multiplication 


>, 
* 


2 
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is alſo avoided. For, by the Help of that "Fariffa, the whole 
Work may be performed by AUdiion and Subtraction, until all 
the Sincs are gradually madcc. 
Thus you have an ea'y Way of making the Canon of Sis; 

which being orce done, the Tangents and Secants may le foi nd 
by the follow ing 

As the Co-fine of any Arch : is to the Sins of that 
Proportions Arch : : fo is the Radius : te the Tongent of the 

ſame Arch. 
That is, by tbe firſt Scheme of this Problem, 

N: N:: R: TA. Ard RN: RS:: RA: RT = the Secant of 
that Arch. 


—— — ——— 
_— 


—— 


$5 Pi Ax T TRIGONCHETRY, 
Drristrioxs. 
= Circle is ſuppoſed to be 
divided into 300 equal 
Parts, called Degrees; and each 
Degree into 60 <qual Paris, 
called Minutes; and cach Minuie 
mio 6o equal Paris, ca'led Se- 
cangs, & c. Any Portion of wirole 
Circumtcrence is called an Arch, 
and is meaſured by the Nuniber D 
of Degrees it contains. YN 

2. A Chord or Subterſc is a 
ftraight Line, connecting the F x- 
tremities of an Arch; as BE is 
the Chord of the Arches BAE, E 
BDE. | 

3. A Sine (or Right-finc) is a ſtra ght Line draw from one End 
of an Arch perpendicular to that Diameter paſſing througli the 
other End; os it is half the Chord of twice the Arch; fo Bi- 
the Sine of the Arches B, Bp Ard kere it is eviden, that the. 
Sine of go Degrees (which is equal to the Radius or Sem Da- 
meter ef the Circle) is the greateſt of all Sincs, the Sine of an Arch 
greater than a Quadrant being leſs than the Radius. 

4. The Difference of an Arch from a Quadrant, whether it be 
greater or leſs, is called its Complement; to H is the Comple- 
ment of the Arches BA, BD; RI is the Sine of that Complement, 
and therefore it is called the Co-iine, or Sme-Complement of the 
Arches BA, BD. 

5. The Secant of an Arch is a ſtraight Line drawn from the 
Center thro” one Erd of the Arch till it meet with the Tangent, 


Ppp 2 © which 


„„ eo ——— > * 
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which is a ſtraight Line touching the Circle at the 
that Diameter which cuts the other Erd of the Arch; fo CG is tho 
Secant, and 40 the Tangent of the Arches BA, BD: And CK is 
the Co- ſecant, aud H the Co-targent of the faid Arches. 

6. A verſed Sire is the Segment of the Diameter interc 
between the Arch ard its Sine: Thus FA1is the verſed Sine 
Arch BA, and FD of the Arch ED. 

7. W hatever Number of Degrees an Arch wants of a Semi- 
Circle is called its Supplement. 

8. That Part of the Radius which is betwixt the Center and 
Sine is equal to the Co- ſine; thus CF is = IB. 

2. It an Arch be greater or leſs than a Quadrant, the Sum or 
Ditierence of the Radius or Co-finc is equal to the verſed Sine. 

In a Triangle are fix Parts, viz. three Sides and three Angles : 


Any three of which bem; given, except the three Angles of a 


Flane 'T rangle, the other three may be found either Mechani- 
cally, by the Help of a Scale of equal Parts and Line of Chords, 
or by an Arithmetical Calcnlaiion, it, ſuppoſing the Rad us di- 
vided into any Number of * Parts, we know how many of 
thoſe equal Parts are in the Sine, Tangent, or Secant of any 
Arch propoſed : The Art of inferring which is © alled 'Frigono- 
metry, and it is ether Plane or Spherical. 

Plane Trigonometry is folved by the Heip ct tour fundamenta! 
F'ropofitions called Axioms. 

Axiom l. 

In a Righti-angled Triangle 47C, C 

i one Leg of the Right-angle, as A 
or CH, be made the Radius of a Cir- 
cle, then fhal! the other Leg C5 or 
AB be the Tangent of the Angle 
oppoũte to it, and the Hypothenuſe 
A C (or Side oppotite to the Right- 
angle) its Secant by Definition 5.) + B 

But if the Hvpethenuſe 4 C be 
mace the Radius of a Circle, then 
will the Legs (or Sides including the Right-angle) to wit, CB and 
LB be the Sines of the Angles oppoſite (by Definition 3. ) 

Upon this Axiom depends the Solution of the ſeven Cafes of 
Rip nt-angled Plane Triangles. | 

Wale, That the three Argles of a Plane Triargle make two 
Righit-angles, or 180 Degrees, by 32. 1 Eucl. 

For the more caſy making the Proportions for the Solution of 
Right-angled Triangles, obferve, that as different Sides are made 
Rachus, ic the other Sides require different Names, which Names 
are either Sines, 'Tangents, or Secants, and are to be taken out of 
your Table. 

To 
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To find a Side, any Side may be made Radius: Then fay, as 
the Name of the Bide given is woke Meme of the Bide requned;. 
ſo is the Side given to the Side required. 

But to find an Angle, one of the given Sides muſt be made Ra- 
dius ; then, as the Side made Radius, is to the other Side ; fo is the 
Name of the firſt Side (which is Radius) to the Name of the ſe- 
cond Side; which fourth Proportional muſt be found among the 
Sines cr Tangents, &c. to be determined by the Side made Ra- 
dius, and againſt it is the Angle required. 

The Proportion for the Solution of ſeven Caſes of Plane Right - 


angled Triangles. [See the next foregoing Fig.] 
Given | Regd. | Proportions. Rad. . 
AB | | ol. A: Si. A:: : 
Aand | BC R: Tan. A:: AB: BC 1 
"4 (Coca: K : AB: 
AB | Coſi. A: R :: AB: Ac. | AC 
A and | AC R: 8 : AB: AC. AB 2 
—_— Tan. A: Cole. Ar: AB:; Ac. BC 
ER = AB:-BC- :: KR: Tan A. 
and | '- Complement sC. 
BC C {| BC: AB : 3 
Et] Complement is A. 
HY” | AB:BC::R: Tan.A; then ; AB 
BC AC | Coli. A: R:: AB: AC, or AC 
LAC: =AC (per 4 
-_- 1g. 
AB |Aand| Ac: BC. R: Cofhia ” ac we” of 
AC | C AB: AC :: R: Secant A. 

AB AC: AB ::R: Colt. A;rhen | _ 
AC1-BC R: Tan. A:: AB: BC, or | AB | 6 
y/ :{) AC— DAB: = BC. 

4 : Co. A:: AC: AB. | A 
Aand | AB | Sec. A: R :: AC: AB. AB 7 
C Coſ. A: Coſ. A:: AC: AB. BC 


Axiom II. 
In 9 the Sides are proportional to the Sines of the op- 
poſite Angles. DEMONSTRATION. 


478 Plane Trigonometry. 
Produce the leſſer Side of the Triangle ABC, to wit AB to R. 
making AF=BC: Let fall the Perpendiculars BD, FE, upon the 
Side CA produced if Need be; then will FE be the Sine of the An- 
gle 4, and BD the Sine of the Angle C, to the Radius HC AF. 
- Now the Triangles 4D and AFE, having the < 4 common 
to them both, and the < D = < E= to a Right-angle, are fimi- 
lar; wherefore (by 4. 6 Eucl. Elem.) AF (BC): AB:: FE:BD; 
wiz. . 4 +85. C & E. B. Otherwiſe thus; by Ax. I. 48 
R: : D: S,. 4A, and BC: R:: 3D: Si. C; therefore AB X $1. 
A(=RXBD) =BCXSi.C; wherefore 48: C.: Si. C: Si. 
A QE D. | 
Axiom III. 

The Sum of the Legs of any Angle of a Plane Triangle is to 
their Diliwoace, nothe Thagere of half the Sum of the Argies op- 


poſite to thoſe Legs is to the Tangent of half their Difference. 
DEMONSTRATION. 
A 


In the Triangle 
ABC produce CI, the 


draw BF, which (by C 5s £ D 
8. r Eucl. El.] will be perpen. to AD; and draw E, which (by 
2. 6 Eucl. Elem.) will be parallel to AC. Then will the Angle 
ABF=FBD=3$ABD, which external Angle 4BD is (by 32. 1 
Eucl. Elem.) = BAC C, that is to the Sum of the oppoſite An- 
cles required. 

Draw then BG parallel to AC, ſo will the Angle GB Abe (by 29. 
1 Eucl. Flem.) equal to its alternate one BAC; and if from halt the 
Sum of the oppoſite Angles you take the leſſer Angle, i. e. If from 
< ABFyoutake the < GBA, there will remain < GBF = half 
the Difference of the oppoſite Angles: And fo allo, if from CE 
half the Sum of the Legs, you take CB the leſſer Leg, there will 
remain BE equal to halt the Difference of the Legs. And then 
fince the A AHF is Right-anglec, if BY be made R:dius, AF will 
be the Tangent of AF (i. e. ihe Tangent of halt the Sum of 
the oppoſite Angles;) and in the little ACF, FG will be the 
Tangent of the < GBF (i. e. the Tangent of half the Difference 
of the oppoſite Angles:) But the Segments of the Legs of any 
Triangle cut by Lines parallel to the Baſe, being (by Schol. to 
2. 6 Eucl, Ei.] proportional; EC:EB::FA:FG; that is in 
Words, halt the Sum of the Legs is to half their Difference, a 


A 


. 


— 


Segments of the Baſe 
by a Perpendicular let fall 
the Angle oppoſite to the 2 


the 35. . 
Fc BA: = 4C%: DC— D4: therefore AC: BC ＋ BA 
: BC—BA: DC—DA. Q. E. D. Otherwiſe, let the Difference 
of the. Squares of the Sides BC and AB be taken and divided 
the Baſe AC, the Quotient ſhall be the Difference of 
of the Baſe aforeſaid: Or, Square all the 3 Sides, 
the Square of one of the leſs Sides out of the Sum of the 
two Squares, divide half the Remainder by the longeſt Side, the 
Quotient is e alternate Segment of the | 

The Proportions for the Solution of the fix Caſes of Plane ob- 


1que Triargles. [See the laſt Fig.] 

Given. | Red. | Proportions. | 4x. | Cafe. 
AB. |- | $a 
BC | A AB:BC::S. C: Si. A. | 2 | I 

and C | 


N. B. 1ſt. If the given Angle be obtuſe, the other 2 Angles then 
are each acute TP 

2dly, It the Side oppoſite to the given Angle is longer than the 
Side oppoſite to the Angle ſought, then is the Angle ſought acute ; 
but it ſhorter, then is the ſaid Angle doubtful, and may be either 
acute or obtuſe, becauſe both the Sine and its Complement to two 
right Angles are the ſame : W herefore to be certain, of what Qua- 
lity the Angle oppoſite to the greateſt Side is: Take the Sum and 
Differencg of the greateſt Side and Midde (or leaſt) add their Loga- 
ru hns, if the half of them be equal to the Logarithm of the third 
Wie, the Angle oppoſme to the greateſt Side is a right Angle; = 


8 


4 


wy | Plane Trigonometry. 
of the third Side be greater than the 
if lefs, it is obtuſe: Or, without Logarit half it 


rrp —— 
hi e * 


AC Hence, CRIES Ne <'® 2 
| will be known. | 
Si. A : Si. B:: BC: AC. 


Tos a [$A:&C: BC: AB. 2 | 3 
" B | BC+AB: BC—AB:: Tan Som | | © 
AB of the <s oppoſite: Tan. 4 Diff. of 
BC the <'s oppoſite. Then g Sum ++ | | 4 
© | Differ. =greater< A; and 4 Sum | 3 
| | — 4. Difference = leſſer < C. | FIN 
B Furſt, fd the Angles by the laſt; | 3 5 
AB d then Si. C: S. B::AB:AC | 2 | 5 
BC 
AB | A (AC rr uh e = 
BC | B | DA: Then+AC-+4E-C—4 DA 
' AC | C |=DC. Ard4AC—:3DC—3z 6 
DA: : = DA. [ 
I Then AB: AD::R: Coſi. A. r. | 


IA CB: DC; R. Caf. C. > | 
| And 180% — <A —<C=<B. 
Or more readily at one Operation. 

. From: half the Sum of the Sides ſubduct each particular Side, 
and let the Sum of the Logarithm of the half Sum and Differ- 
ence of the Side fubtending the enguired Angle be ſubdu-ted from 
the Sum of the Log. of the other Diff.rence and the double Ra- 
dius, half the Remainder ſhall be the Log. of the Tangent of halt 
the enquired Angle. 

Agreeable to this Axiom in Gelii/rand”s Trig. Britannica, p. 46. 

« As the Rectangle of half the Sum of the Sins and the Difference 
between that half Sum and the Side oppoſite to the Angle required, is 
to the Rectangle of the other iwo Remainders; ſo is the Square of Ra- 
dius to the Square of the Tangent of half the Angle fought.” 

Ex Angulis latera, wel ex lateribus Angulos & mixtim in Triangulis 
tam planis qu 5phericis afſequi, Summa Gloria Mathematici eff : 
Sic enim Calum t Terra: & Maria felici & —_— — 

I ran, Vaetz. 
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